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Here is the low-cost 


electronic digital computer 
in greatest demand 


Gives you large-capacity electronic computation at desk-side 


Operating from any convenient wall outlet, the powerful LGP-30 
gives you the full flexibility of stored-program operation with an 
unusually large non-volatile memory of 4096 words — 2000 more 
than the next computer in its class! And it’s the lowest-priced com- 
plete computer your company can buy! 

Because the LGP-30 command structure and controls have been 
remarkably simplified, you require only minimum computer ex- 
perience. What’s more, you get complete format control . . . alpha- 
“numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, 
a high-speed photoelectric reader — with or without mechanical 
punch — is available for system expansion. - 

The greatest computer value in today’s market, the LGP-30 re- 
quires no expensive installation or air-conditioning. ..may be pur- 
chased on either a sale or rental basis. Customer training is free. 
An extensive library of programs and sub-routines is available — 
as well as membership in an active users organization. Sales and 
service facilities are maintained coast-to-coast. For further infor- 
mation and specifications, write Royal McBee Corporation; Data 
Processing Diyision, Port Chester, N. Y. In Canada: The McBee 
Company, Ltd., 179 Bartley Drive, Toronto 16. 
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Blind Spot in our Defense 











XPERTS in nuclear warfare testifying in June 
E before the Congressional Committee headed by 
the honorable Chet Hollifield of California, confirmed 
an observation that has been voiced earlier in these 
columns. It is that fourteen years after the initial use 
of the Atomic weapon, our own citizens are just as 
vulnerable today as were the people of Hiroshima and 
Nagasaki. 

We freely admit that in treating this subject we are 
digressing from the chief field of interest for the 
readers of MILITARY SYSTEMS DESIGN. However, 
we believe that our readers are primarily Thinking 
Men (regardless of their brand of cigarette), and ade- 
quate Civil Defense is a subject which vitally concerns 
the welfare of each individual and enterprise in the 
United States. It is also a concern which to date has 
received little attention, and still less thought. 

Our military leaders have repeatedly asserted that 
if nuclear war should start, our country must expect 
that a certain portion of the bombs launched against 
U. S. targets would not be intercepted. If the me- 
chanics of delivery by manned bombers have been the 
limiting factor in the past, operational ICBM’s and 
IRBM’s in adequate numbers promise to remove that 
limitation and make nuclear warfare strategically 
feasible in the near future. We heartily approve all 
measures taken to achieve striking power by U. S. 
missiles. 

The experts before the Hollifield Committee stated 
that the fatalities from nuclear fall-out could be re- 
duced by a ratio of nine to one if bomb shelters were 
provided. Without such protection, one expert stated, 
“after the bomb falls, people in the fallout zone will 
have half an hour in which they can do anything they 
please. I don’t know what they CAN do, but it will 
take that time for fallout to begin to settle.” The 
witness indicated that after that time, persons not 
protected in shelters and unable to flee tbe fallout 
zone would be fatally exposed in a matter of minutes. 

The civilian shelter program has a vital relationship 
to the military effectiveness of our Armed Forces. In 
past wars, the fighting man has been able to know 
that his wife, children and parents at home were 
safer because of his sacrifice. In a widespread nuclear 
war our ships, planes and missile bases will be manned 
by men who do not have this assurance that their 
families are reasonably safe; they will fight without 
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feeling that they “stand between their loved homes 
and wild war’s desolation.” Popular support of the 
war effort, in a democracy, is also vital in time of na- 
tional emergency and war. The maintenance of civil 
order should be accomplished by police, not thrown as 
an added burden on the military. 

Nuclear war can be expected to strike directly at 
population centers to produce the maximum disruption 
and disorganization in the shortest time and achieve 
a decisive victory through paralysis of the economy. 
To the degree that major population centers of the 
United States are more highly organized than Russia, 
we stand to suffer that much more in an exchange of 
nuclear weapons. In most important centers of the 
United States, a relatively few bombs should be suf- 
ficient to disrupt facilities, large areas will find them- 
selves without trained leaders, operating communica- 
tions, or the simplest holes in the ground into which 
people can crawl to avoid hot fallout until its initial 
activity has decayed below the danger level. 

We believe that the prevailing state of mind is 
dangerously similar to that existing with respect to 
Japan before Pearl Harbor; we are ripe for the worst 
kind of panic. The same individuals who now affect a 
fatalistic attitude or who lobby against strengthening 
and implementing our skeleton Civil Defense organiza- 
tion can be expected to be the loudest in the denuncia- 
tion of leaders who have failed to provide civilian pro- 
tection. There are also an alarming number of civilians 
who believe that any amount of radiation will eventual- 
ly be fatal, and that no protection is feasible. Psy- 
chologically, our defenses appear as weak as our 
bomb shelters. 

However, this picture could be drastically changed. 
If Annex I of the National Plan for Civil Defense were 
implemented our population would have access to com- 
paratively simple shelters stocked with a two-day 
store of water and provisions, with radiac instru- 
ments and low-power communications equipment. If 
civilians had realistic information on the effects of 
radiation, blast and heat from a nuclear weapon they 
would be far less susceptible to panic. Death and dis- 
order would be held to a minimum, and most areas 
touched by radiation would be completely restored 
in a few weeks. 

Despite the testimony of experts, instead of re-in- 
forcing the meager budget of the Civil Defense Ad- 
ministration, the present Congress slashed its request- 
ed appropriation. Although this may be restored by 
the action of the Senate and Joint Committees, we 
understand that it only provides funds to match state 
and local funds to continue the present skeleton ad- 
ministrative and volunteer machinery. It does not 
start or encourage construction of shelters. 

A realistic start on a shelter program should have 
a tonic effect which might conceiveably spell the dif- 
ference between national disaster leading to surrender 
by the “free world, and a new era of freedom. The 
public looks to its leaders to indicate by their money 


support and enabling legislation the important fac. 
tors in our defense. Even a small amount of federal 
funds will help overcome public lethargy and influ. 
ence private construction of shelters. 

Federal funds need not carry the entire burden. A 
small grant toward new school and other public build. 
ings which meet approved shelter plans would en. 
courage construction slanted toward its adaptation to 
shelter purposes. Private funds spent on shelters and 
supplies might be made tax deductible when approved 
by CDA. FHA money might be made available for 
approved shelter construction on a local community 
basis. Money now pouring into Farm Price Supports 
could be made to reach the same sector of the popula- 
tion and provide fall-out protection on a farm 
family basis. Stimulated by such concrete govern. 
mental action, local community shelter construction 
and volunteer interest in Civil Defense training and 
service might be awakened. Radiation meters, tran- 
sistor radios and stocks of canned provisions would 
be in demand. 

New Russian demands in the Berlin and other sec- 
tors may reflect their approaching military readiness 
to engage in a decisive conflict. At least, they publicly 
state that they are ready. It is probable that the first 
all-out nuclear war will be the only one. It will quick- 
ly be decisive, and the residual fall-out may produce 
so much cumulative long-term contamination that 
future nuclear weapons will be outlawed by the victor. 
To let any important sector of our defense lag is to 
invite attack. C. O. M. 


See You At The Shows 


Instruments Publishing Company representatives 
will be in attendance at two important electronic and 
instrumentation trade shows in August and September. 
We will display our publications, MILITARY SYS- 
TEMS DESIGN, INSTRUMENTS AND CONTROL 
SYSTEMS and INSTRUMENT AND APPARATUS 
NEWS, also a full line of current technical books in 
the instrumentation area. 

At WESCON, held this year in San Francisco’s Cow 
Palace, largest convention hall west of Chicago, we 
will be at home in booth 2304, located along the south 
wall of the main exhibition area. Five technical ses- 
sions will run concurrently, all located in the Cow 
Palace buildings. Editor Morrison plans to be in at- 
tendance at least one day of the show and to report in 
the September-October issue of MILITARY SYSTEMS 
DESIGN. Show dates are from August 18 to 21 
inclusive. 

Our representatives will also welcome you at booth 
664, in the Chicago Amphitheatre, during the ISA 
Annual Instrument-Automation Conference, from Sep- 
tember 21 through 25. 
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LETTERS 





Editor, MSD: 


Mr. B. J. Forsher’s article on Environmental Testing 
in the March-April issue of MSD appears to contain a 
number of errors which should be corrected in order 
to improve your readers’ understanding of vibration. 

It was stated that, “It is standard practice to protect 
electronic gear by interposing properly selected vibra- 
tion isolators .. .”. Actually, vibration isolators are 
not used as widely as that statement would imply, be- 
cause many electronic components are designed so that 
isolators are neither necessary nor desirable. 

It was stated that, “. . . damping influence is rela- 
tively minor and can be ignored.” This is not cor- 
rect; in fact, much of the effort of isolator designers 
has been connected with the damping characteristics 
of their products. It is true that including the damping 
sives rise to more complicated formulae that Mr. 
Fforsher presented, but the resulting formulae are by 
no means formidably complicated. 

Most important, the resulting formulae (including 
damping) do not predict the sort of transmissibility 
shown by Fig. 3. However, it is true that the “actual” 
curve of Fig. 3 is typical of test results, The important 
deviation between the theoretical and actual curves of 
Fig. 3 is not caused by damping to any important de- 
gree but is primarily the result of flexibility of the 
“black box” which is not considered in the elementary 
theory of vibration isolators. It is suggested that an 
adequate qualitative understanding of the effects of 
this flexibility is necessary to design a “black box” 
which is to be used with vibration isolators. 


Arnold E. Galef, Senior Engineer 
RADIOPLANE, A Division of Northrop Corp. 


This article was a condensation of a paper "A 
Realistic Approach to Measurement in Environmental 
Testing" as exemplified by the test setups used by the 
author at Hughes Aircraft for airborne electronic equip- 
ment. A realistic evaluation of test parameters and 
good instrumentation is essentially the heart of the 
paper, with vibration testing only one of the five 
examples initially presented. We immediately recog- 
nized that this condensation had contributed much to 
Mr. Galef's disagreement with the article. Mr. Forsher 
also makes the following comments: 


“The text is principally correct (e.g., we are using 
vibration protection for at least 90 percent of our air- 
borne electronic fire control guidance system); al- 
though over-simplification appeared in some cases ad- 
visable, such as in discounting the influence of damp- 
ing, in order not to confuse the listener with a great 
deal of mathematics. I fully subscribe to the last para- 
graph of Mr. Galef’s letter. It was my intent to demon- 





strate that true transmssibility can only be established 
by vibration test setups and that even adequate qualita- 
live understanding of the effects of the flexibility of 
black boxes does not avoid unpleasant surprises for the 
designer of their mechanical configuration under vib- 
tation testing. 


B. J. Forsher 
Hughes Aircraft Co. 
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CONTENTMENT 
IS FOR COWS. 


Recently our engineering department came up with an improvement in a miniature precision poten- 
tiometer which had been ordered consistently by one of our customers. Although the original design 
had more than met the customer's specifications, we filled his next order with the improved version 
— at no increase in cost! This is but one example of how Waters’ alertness to the need of constant 
research and experimentation is advantageous to all concerned. We are never content with any po- 
tentiometer we make, regardless of how well it meets, or even exceeds, specifications. Ask for 
Waters Catalog PF1258 — we believe you will be favorably impressed. 


Twice as many pots in the same panel space! 


The APC 1% permits mounting two 1%” diameter pots in tandem rather than 
side by side . . . saves panel space, simplifies design. Concentric shafts can be 
rotated independently by a dual knob, concentric gears, or other simple means. 
For single hole or servo mounting. With stops, or continuous rotation of either 


or both el ts. Also available with 4%" diameter (type APC %). Either size MANUFACTURING, INC. 
can be supplied with the same specifications as Waters standard RT % and WAYLAND, MASS. 
AP 1% potentiometers. Write for Bulletin APC. 
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FIG. |. SHIPBOARD CHECKOUT test of TERRIER missile is capable of fault isolation 
to operational spares level. Hydraulic and pneumatic section tests, as well as 
electronic, are available. (Convair Photo.) 


N AN IDEAL missile system all components would 
| be perfectly reliable, so that field tests would not 
be required; however, since this goal will not be at- 
tained in the foreseeable future, the Navy is faced 
with testing of missiles. In addition, the Navy must 
consider certain operational factors which require 
service checkout of the missile. 

One of the most important of these operational 
factors is the efficient and economical use of the man- 
power that will be available in the near future, and 
particularly in an emergency requiring accelerated 
preparedness. The specialized training these people 
can receive necessarily will be reduced. Few will have 
had any prior experience with testing or maintenance 
of guided missiles and missile checkout equipment. 

The Navy has a second operational factor to con- 
sider. This is the requirement for increased personnel 
flow rates which aggravates the effect of the previously 
mentioned reduction in personnel caliber and experi- 
ence. Taken together, these operational factors require 
that adequate service checkout equipment be as auto- 
matic as is economically justifiable, rapid in opera- 
tion, flexible, readily serviceable, reliable, and easy to 
operate and calibrate. It is realized that completely 
automatic equipment might well be too costly to build 
and maintain, particularly in view of the likely re- 
quirement for extensive modification in the early 
stages of the missile program. 

Thus, the development of service equipment should 
be consistent with that of the missile and the equip- 
ment should be produced capable of checking out 
missiles at lowest overall manpower cost. This cost 
must include a properly weighted consideration of the 
man-hours required for operation, maintenance, re- 
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pair, calibration and/or set up. 

The establishment of sound criteria governing 
guided missile testing early in the program will pro- 
mote the design of missiles which can be tested eco- 
nomically, will reduce delays and failures during fir- 
ing operations, and also will advance the time when 
the missile can be introduced as a tactical weapon. 
Such criteria should be based on the logistics of a 
military operation and directed toward the ultimate 
goal of a weapon requiring a minimum of field test- 
ing for assurance of reliable operation. 

General criteria for missile testing follow. The term 
“service test or checkout equipment” is used to de- 
scribe equipment designed for use by military per- 
sonnel at depots, firing sites, and other locations. 
The term “plug-in-units” is used only as it relates to 
electronics, for there are many components such as 
hydraulic units which are not truly “plug-in-units”, 
but which may be replaceable under service conditions. 
To offset any misunderstanding of terminology, these 
are called “designated components”. They constitute 
an operating element of the missile, and are remov- 
able from the missile as a unit. 


Phases of Missile Evolution 

A service-missile checkout system best designed to 
serve the Navy’s needs must be developed concurrent- 
ly with the evolution of the missile. The missile in- 
tended for service use must itself pass through several 
design and test phases before release for quantity 
production. These test phases may be described as 
research, development engineering, service engineer- 
ing, service evaluation, production, and surveillance. 


Checkout and Maintenance 


of Navy Guided Missiles 


H. J. SCHECHTEL 


Bureau of Ordnance, Navy Department 


Elaborate testing, using standard laboratory and 
factory-measuring techniques, should be available for 
the early test phases. In conducting the missile and 
missile-tester compatibility during service engineer- 
ing tests, service evaluation tests, surveillance tests, 
and in some cases even the final production tests, serv- 
ice type or checkout equipment can be used. However, 
supplementary test equipment, such as a fuze or squib 
tester, is often required in the field to increase the 
confidence level for acceptance of the missile during 
these test phases. 


Checkout System Criteria 

After passing through the several design and test 
phases, the missile and a missile checkout system 
should be ready for service use. The missile checkout 
equipment within the system should perform a valid, 
sufficiently accurate, and repeatable test. The tester, 
as stated before, should be rapid in operation, flexible, 
readily serviceable, reliable, rugged, and easy to oper- 
ate and calibrate. In addition, the tester should have 
the following characteristics: 

1. It should provide signal inputs to the missile. 

2. It should sense missile outputs to demonstrate 
operability of the active functions essential to a 
good missile flight. 

3. It should control remotely the hydraulic, pneu- 
matic, and electrical auxiliaries necessary to oper- 
ate the missile for the test. 

4. It should perform automatically a “go, no-go,” 
open loop test of a tactical missile which has 
completed successfully a more rigorous specifi- 
cation test at the factory. 

9. It should not include testing of items requiring 
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restoration to a pre-set condition, such as a gyro 
uncaging, or functions with proved reliability. 

6. It should be self-checking through an automatic 
program performed cyclically between missile 
tests. Parameters of sufficient stability not to 
require self-checking should be periodically cali- 
brated manually. 

7. It should utilize the latest in servicing techniques, 
such as front panel calibration, plug-in circuit 
units and built-in test devices. 

8. It should provide a direct unambiguous indica- 
tion of missile failure with direct indication of 
faulty designated components without requiring 
an analysis of the presentation. This fault isola- 
tion should be automatic, providing undue com- 
plexity is not incurred. 


Policy for Missile Repairs 

The missile design must be such that the isolated 
faulty component is easily accessible and can be re- 
moved by one man and replaced by an electronically 
and mechanically interchangeable spare which should 
necessitate no soldering iron. Only non-critical main- 
tenance adjustments should be made and these kept 
to a minimum. 

The extent of the repairs which the man in the 
field can or should be able to accomplish will vary 
with the type and complexity of the missile, and with 
the stage in the logistic system at which the malfunc- 
tioning component is detected. At the firing point, 
little more can’ be expected than the making of minor 
adjustments or component replacements. At the depots, 
more extensive testing and repairs may be accom- 
plished although in certain cases the defective portion 
must be returned for factory rework. 

It’s risky to plan to repair components requiring 
special test equipment at the field activities prior to 
attaining a missile which is extensively operational. 
When a degree of uniformity exists in quantity produc- 
tion of a missile type, and when the economics for 
logistic support in forward areas warrant it, such 
maintenance should be considered. The Navy’s present 
plans call for missile checkout, servicing, and desig- 
nated component replacement at depots and on the 
individual combatant ships. Destroyer tenders may in 
the future be called upon to receive, stow, and issue 
guided-missile spare parts, although no plans for this 
function exist now. Ammunition ships will be used 
for missile transport and transfer-at-sea operations and, 
like the destroyer tenders, will have no servicing mis- 
sion. This is expected to result in maximum kill prob- 
ability for the least total effort using today’s Navy 
missiles. 


Missile Reliability 
In the early days of missile development, there was 
a widespread tendency to concentrate on flight test- 
ing first, in an effort to gain time, with the thought 
that the development of missile testing programs could 


wait. This philosophy had serious effect on progress 
as the opportunity to build reliability into the missile 
system and to prove it was lost. By not doing an ade- 
quate job at the outset of reducing the complexity and 
thus increasing the reliability—of the missile and its 
checkout system—to the optimum, the problem of 
the design and development phases was transferred 





to the field activities. 

That reliability cannot be tested into a missile is 
well known. Reliability is attained as the result of an 
engineering problem thoroughly coordinated and 
proved through the test phases to produce a good de- 
sign in which components and materials are operated 
within acceptable limits. From these limits, adequate 
test and acceptance tolerances can be generated for 
use in reliabile service checkout equipment. This 
equipment then provides a means for insuring that 
the basic reliability built into a missile is maintained. 

It is commonly known that in order to do a proper 
missile production job and to facilitate test ahd check- 
out it is necessary to arrange the missile components 
in such a manner that all those of one basic variety 
are placed within the same section. This type of com- 
partmentation now generally is accepted so that all the 
hydraulic components which need be tested on one 
type of equipment are located together in one section, 
all the sensitive elements such as gyros and acceler- 
ometers are arranged in another section of the missile, 
and so on. Printed circuits, potting, and readily re- 
placeable components are replacing masses of wiring 
which looked like spaghetti inside the early missile, 
and manifolding techniques are replacing piping and 
plumbing which made the early models look like 
plumbers’ nightmares. 

These improvements have all contributed to in- 
creasing the usability of a complex weapon and re- 
ducing the complexity of the maintenance problem. 
The checkout equipment as a result is becoming sim- 
pler, more reliable and the enlisted man can main- 
tain it with less effort. 

To have the most reliable and best possible equip- 
ment is not enough—for without adequate test pro- 
cedures, and especially instruction books and spares, 
the serviceman will have it rough. Additional effort 
by industry and the military must be directed toward 
completion of this material at the same time that 
service equipment is made available to field activities. 

Not many years ago it was gratifying to obtain a 
satisfactory checkout of a missile with confidence in 
the results as indicated by the test equipment. Today, 
we have equipments in a number of our missile pro- 
grams with a high degree of performance while in 
others they are in various test phases. 


Operational Navy Missile Systems 
In the air-to-air missile field the Navy has two 
operational systems in the fleet. One of these is the 
SPARROW, a supersonic, antiaircraft missile. 
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Model: 50 60 70 
Type: Germanium Germanium Silicon 
Temperature Range: | —55° C, to +85° C| —55° C to +90° C | —55° C to 
+ 130° C 
Sq. Wave Drive Volt.:| 1 to 10v. p-p 1 to 15 v. p-p 5 to 20 v. p-p 
DC Input Voltage: | to 12v to 15v to 20 v 
Chopping Freq.: DC to 100 kcps DC to 100 kcps DC to 200 kcps 
Alpha Cutoff Freq.: | 900 kilocycles One megacycle 5 megacycles 
Temperature Drift: | .04% per °C 02% per °C 03% per °C 
Random Noise: 25uv rms l0uv rms 50uv rms 
Weight: 3 grams 1 gram 2 grams 
DESCRIPTION 


The transistor chopper (or modulator) is a solidly encapsuled unit designed to alter- 
nately connect and disconnect a load from a signal source. It may also be used as a 
demodulator to convert an a.c. signal to d.c. It is capable of linearly switching or 
chopping voltages over a wide dynamic range which extends down to a fraction of a 
millivolt and up to 10 volts. Unlike mechanical choppers which can only be designed 
to operate over a narrow and comparatively low frequency range due to mechanical 
limitations, this transistorized chopper is an inertialess device that can be driven from 
d.c. to hundreds of kilocycles. 

The switching circuitry used operates the transistors in a manner which provides 
stability and freedom from drift over a wide temperature range. Only carefully selected 
transistors are utilized. 

The noise figure of the transistor chopper is competitive with mechanical choppers for 
many uses. Furthermore, the noise level will not increase with usage. 

This unit is practically immune to the effects of shock and vibration making it ideal 
for military, missile, and portable applications; or where pewer conservation, miniaturi- 
zation and elimination or maintenance are a necessity. The transistor chopper has an 
inherently long life and is not subject to contact bounce, wear, pitting or burning. 





TYPICAL APPLICATIONS 


Chopper (modulator). Low level commutators for telemetering. 
Demodulator. » Carrier for lower frequency signals. 
Low, medium level switching. Digital meters. 

D.C. amplifier stabilization. Portable equipment. 

High speed servomechanisms. Low power source equipment. 

Replace less sensitive diode modulators. Minimum maintenance equipment. 
Thermocouple instrumentation. Multiplex switching equipment. 


Low, medium level D.C. instruments. 
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FIG. 2. TEST STATION, Guided Missile, Truck Mounted, AN/MSM-13, is Marine 
version for field checkout of TERRIER missile. (Convair Photo.) 


To test this missile it is secured to the missile sup- 
port stand where an operational test on the guidance 
and control section is made with the test set. The tests 
performed are devised to simulate all physical and 
electrical flight conditions, and the missile perform- 
ance is determined by an analysis of the test results. 
This test equipment will be used in shipboard and 
depot missile test areas. At present, if the missile fails 
to pass the system test, the faulty or inoperative com- 
ponent is replaced and the inoperative component is 
returned to the manufacturer for corrective main- 
tenance. 


FIG. 3. GUIDED MISSILE Test Set AN/DSM-54(V) for shipboard and depot check- 
out of TERRIER is automatic for go no-go testing, fault isolation and self calibration: 
is smaller than earlier models. (US Navy Photo.) 
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The other operational air-to-air missile system now 
in the fleet is the SIDEWINDER. This is a simple 
nissile in comparison with others. It has no batteries 
to fill, no hydraulic lines, pumps, accumulators, or oil. 
ts simplicity has given rise to a policy of no field 
maintenance and limited checkout. The high field ac- 
yeptance rate of 90 percent has led to only the guid- 
ance and control section being field tested. To do this, 
, simple, open loop, go no-go, automatic test set is 
ysed to check acceptance limits. If this occurs, the 
faulty section is returned to the maintenance activity, 
which is now the contractor. No repair operation for 
any of the missile sections is contemplated on board 
ship or at any depots. 

In the surface-to-air field, TALOS is a supersonic 
missile designed for long-range interception of high- 
geed aircraft. TALOS is tested by automatic, open 
loop, go no-go, self-testing checkout equipment. Faulty 
components, as indicated by the equipment, are elec- 
tically and mechanically replaceable with only minor 
noncritical adjustments. At this time, no repair oper- 
ations for any of the missile components are con- 
templated on board ship or at the depots. 

Another Navy surface-to-air missile is the TER- 
RIER. In the evolution of the TERRIER missile func- 
tionally testable modules were potted and sealed, sev- 
eral printed circuit boards were mounted together on 
asingle base to form testable subassemblies, and the 
electronics were integrated. All electronic components 
including the receiver are in the electronic section, and 
separate sections are devoted to hydraulics and to 
pneumatics. 

To test the TERRIER missile aboard ship an open- 
loop, go no-go automatic checkout equipment is used 
which is capable of automatic fault insolation to the 
operational spares level (see Fig. 1). An operator 
connects harnesses, pushes buttons, notes tests results, 
and substitutes designated components in the missile. 
The field maintenance level was established early and 
the checkout equipment is designed with that level in 
mind. The test plan was directed toward the minimum 
number and type of tests necessary to maintain weap- 
on reliability, yet with sufficient space capacity and 
flexibility to accommodate further weapon growth and 
advanced configurations. 

The checkout equipment automatically programs the 
missile through a sequence of events, and it tests 
simulated normal flight. These events are selected to 
to provide maximum information rather than typical 
flight conditions. The missile response therefore bears 
no direct relation to flight pattern, but insures those 
parameters most significant to acceptable flight evalu- 
ation. 

The Navy is placing in service checkout equipments 
with improved techniques. These are for field use by 
the combatant ships, depots, and Marine Corps ac- 
tities. The equipment as shown in Figures 2 and 3 
vill be smaller, open loop, and automatic for go no-go 
esting, fault isolation, and self-calibration. 





July-August, 1959 


a 





GROUND SUPPORT EQUIPMENT 


A Proven Kearfott Capability — Kearfott’s prominence in the design and production of 


ground support equipment is a result of 15 years’ experience in producing precision servo systems, 
computers, gyro reference systems and inertial guidance equipment. Kearfott test equipment 
is designed on modular principles which increase flexibility and economy and eliminate the 
obsolescence factor since modules can be readily modified or replaced. Modules are designed to 
be compatible with one another, thus providing test capabilities for a wide variety of applications. 


IN-PLANT TEST EQUIPMENT: Rack-mounted modules comprise the 
necessary metering circuits, signal generators and power supplies, 
switching circuits and junction boxes to perform the following tests 
on inertial reference systems: 

Voltage and phase « Current « Heating cycle checks « Verticality of plat- 
form in ground erection mode « First order erection time in ground erection 
mode « Measurements of platform roll and pitch output angles in ground 
ereclion mode « Measurements of free drift of platform in azimuth in 
ground erection mode « Measurement of azimuth gyro torquer scale factor 















in ground erection mode 





Inertial Guidance System Test Console 


FIELD-TYPE TEST EQUIPMENT: Modularized, self-contained unit 
that provides all power and signal voltages to operate, test or trouble- 
shoot a gyro. All inputs to and outputs from the gyro are accessible 
at convenient jacks where connections to measuring equipment can 
be made, thereby enabling operator to evaluate gyro performance 
completely. Modules are slide-mounted for ready access if repair, 
modification or product improvement replacement are required. 
This portable equipment performs these basic tests: 

Insulation resistance « Warm-up time « Torquer scale factor measurement 
Gyro transfer function « Free drift « Gimbal offset drift « Continuity 
Signal Generator Null ¢ Phasing « Gyro drift + Fixed torque restraint 


Scanalog 200-Scan 
Alarm Logging System 


Engineers: Kearfott offers challenging opportunities in advanced component and system development. 





Floated Gyro Test Console 


GENERAL PURPOSE DATA PROCESSING: This data handling system 
provides a reliable, precise means of monitoring, logging and perform- 
ing an alarm function of up to 200 separate temperature, pressure, 
liquid level or flow transmitters. Manual controls are provided for 
scanning rates, automatic or manual logging, data input relating to 
operator, time, day, run number and type of run. 200 numbered lights, 
corresponding to specific points being maintained, provide a visual 
“off normal” display for operator’s warning. This system has growth 
built in and can be expanded in capacity to 1024 points and in scan- 
ning rate to 2000 points per second. 


Write for complete information on Kearfott’s ground support equipment. 
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FIG. 1. CONDUCTIVE PLASTIC precision potentiometers are available in a wide range of rotary and linear types. 


High Temperature Operation Achieved 


by Conductive Plastic Potentiometer 


ERNEST H. TREFF, Markite Corporation 


| Reegtag en PLASTIC element potentiometers 
are now doing jobs and meeting specifications 
formerly considered impossible by wire-wound stand- 
ards. Ruggedness, reliability, infinite resolution, un- 
heard of life, and a capability for manufacture to ex- 
tremely precise linearities are the highlighted at- 
tributes of these units. The following are examples of 
applications where the Markite Company, inventors 
of the conductive plastic potentiometer and a major 
potentiometer manufacturer, were able to solve dif_i- 
cult problems in critical systems. 


Specific Applications 


A Midwestern aircraft and missile manufacturer 
found that one conductive plastic potentiometer did 
the job in a missile servo loop where previously two 
or three wire-wound unit replacements were needed to 
bring each missile to launching readiness. 

A major Western aircraft and missile manufacturer 
couldn’t stabilize the servo loop controlling the posi- 
tion of an antenna on a missile without the infinite 
resolution supplied by a conductive plastic potentiom- 
eter. Furthermore, it was found that in-process costs 
were lowered considerably owing to a lack of rejec- 
tions and failures. 

A prominent East Coast missile manufacturer 
needed +0.2% linearity in a 44” dia rotary servo- 
mount potentiometer for an advanced system. Only 
Markite accuracy and infinite resolution was able to 
do the job. 

A West Coast airborne computer manufacturer 
needed a super precise potentiometer with +0.05% 
linearity in a 1-5/16” dia servo-mount for a critical 
computer application. Only Markite could supply this 


168 
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FIG. 2. CONDUCTIVE pene ATOR 
PLASTIC raised track is  SuPPORT 


integrally molded with in- 
sulator base, all termina- 
tions and connections. 


accuracy in so small a unit. 

The reliability and accuracy of the stability aug- 
mentation system in a very early version of a now 
prominent fighter airplane was made safe to fly, using 
a special short stroke 1” dia rectilinear Markite 
potentiometer. Here again, the ruggedness, reliability, 
and infinite resolution inherent in conductive plastic 
potentiometers played an important part in the de- 
velopment of a modern weapons system. Present 
versions of this airplane use conductive plastic po- 
tentiometers in the primary flight control servos. 

The data storage readout system in a major indus- 
trial computer was completely freed of service 
troubles by a 20” long conductive plastic rectilinear 
potentiometer. 

The steering servos in an important missile were 
incapable of reliable operation under the adverse 
environmental conditions encountered until special 
conductive plastic rectilinear potentiometers were de- 
signed and built to meet exacting specifications for 
this application. 

A manufacturer of pressure transducers and allied 
instruments was able to upgrade reliability and per- 
formance to a significant degree by a change to con- 
ductive plastic potentiometer elements. 

An East Coast production missile manufacturer 
was pleasantly surprised to find that potentiometer 
in-process and receiving inspection rejections had 
shrunk to the unbelievable low of 0.2% with the 
change to conductive plastic potentiometers. Their 
previous rejection rates had been several orders of 
magnitude higher. 

An -East Coast hydraulic systems manufacturer 
couldn’t keep frequency response equipment on his 








production line operating for more than a few hours 
until conductive plastic potentiometers were brought 
into the picture. 

Performance as described above is the result of 
years of development by Markite scientists and engi- 
neers. Many thousands of man-hours were consumed 
in work on materials, processes, and potentiometer 
designs before the first units were ready for field ap- 
plication. Years of refinement followed concurrently 
with experience of inestimable value to bring the 
conductive plastic potentiometer art to its present 
state (Fig. 1). 


Description 


The element in a conductive plastic potentiometer 
is fabricated from Markite Conductive Plastic. This 
material can be processed to provide an infinite 
variety of resistivities. It is molded in a raised track 
(approximately 0.030” wide and 0.040” high, in- 
verted parabolic cross section) as an integral part of 
an insulator base made from a high temperature 
phenolic resin of matched temperature coefficient 
(Fig. 2). 

All terminations and electrical connections are in- 
tegrally molded. This provides an assembly that is 
rugged, unaffected by environment, and particularly 
free from the open circuits normally encountered with 
the use of wire connections. 


Specific Advantages 
Molding of the conductive plastic element produces 
a hard, smooth wiper contact surface that exhibits a 
very low friction coefficient (1 = 0.1) when used with 
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REVOLUTIONS ( MILLIONS ) 


a precious metal wiper. Low wiper friction in turn 
permits wiper pressures of 60 to 80 grams without 
adversely affecting the force required to drive the 
wiper. In 1-5/16” rotary units, for instance, running 
torques average 0.15 oz-in. The high wiper forces, 
coupled with suitably rugged mechanical design, pro- 
vide extreme resistance to vibration, shock and ac- 
celeration. A typical Markite 7%” dia multiple gang 
servo-mount potentiometer was tested in vibration to 
70 G (the limit of the testing equipment) at frequen- 
cies from 5 to 2,000 cps, 100 G shock, and 100 G ac- 
celeration without exhibiting any wiper discontinuity. 

The large cross section of the conductive plastic 
track provides an element that literally refuses to 
wear out. Fig. 3 shows total resistance curves from a 
48 unit life test where, in 100,000,000 cycles and in 
the worst case, only 12% of the cross sectional area of 
the element was worn away. The potentiometers were 
rotated at 600 rpm with the direction of rotation re- 
versed every 15 minutes. This test was run on a 
random sample taken from a production lot of 1-5/16” 
dia rotary potentiometers. Catastrophic failures, nor- 
mal with a worn-through winding in a wire-wound 
unit, are virtually non-existent. 





High Temperature Operation 


Potentiometers designed for operation at 400°F 
are now being made at Markite. The conductive plas- 
tic element is fairly stable at this temperature. A re- 
cent test run for 1,000 hours at 400°F on a number 
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take-off systems. 

A power dissipation study in process indicates that 
power-temperature derating curves are actually three 
dimensional and include time as a significant variable. 
For instance, a standard 1-5/16” rotary potentiometer, 
rated at 2 watts at room temperature would normally 
be derated to zero at approximately 350°F for con- 
tinuous operation (1,000 hours min.). A recent test 
on a number of units showed that this same unit is 
capable of dissipating 2 watts at 500°F for a mini- 
mum of two hours before burn-out. This property of 
the conductive plastic resistance track has been useful 
many times where short exposures to high tempera- 
tures are required. 


Latest Developments 


All new potentiometers now being designed at 
Markite are being equipped with conductive plastic 
take-off systems. By this modification corrosion 
and wear of metal-to-metal sliding contacts are elimi- 
nated. 

The conventional precious metal take-off system 
most often exhibits good noise characteristics only 
when new. Wear tends to increase noise. Fig. 4 shows 
how the noise varies with life in a conductive plastic 
potentiometer with a conductive plastic take-off sys- 
tem compared to one with a precious metal take-off. 
The curves shown are the averages taken from life 
test data on 10 units of each type, at 600 rpm. Con- 
ductive plastic potentiometers, in general, tend to 
show significant improvement in noise with use. 
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Maintenance Problems 


Yield to Automatic Checkout 


The Military Maintenance Dilemma 
EAPONS SYSTEMS technology continues in a 


long-established trend toward a greater number 
of closely integrated complex sub-assemblies. The 
present instruments and techniques used to manually 
test and maintain these advanced systems require an 
ever increasing number of highly trained personnel. 
The graph in Fig. 1 illustrates the nature of this prob- 
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FIG. |. SYSTEMS COMPLEXITY vs availability of technically trained 


personnel is shown in graph. 


lem and exposes the fallacies involved in such pro- 
posed solutions as: Simplify the weapons systems and 
reduce the number of test requirements (This pro- 
posal runs counter to established trend set by tech- 
nological advances); secure more trained personnel 
(personnel available can be increased only slowly) ; 
and train test personnel to become specialists in sub- 
systems which requires less training (integation of 
































































































































































































































RESPONSES 
OUTPUT INPUT 
DEVICE UNDER TEST 
HUB GROUP |erimyii HUB GROUP 
SWITCHING ij CONDITIONED | RESPONSES SWITCHING 
UNIT RESPONSES EQUIPMENT 
STANDARD & 
STANDARD & DIGITAL 
SPECIAL SPECIAL 
SIGNAL GEN. COMPARATOR MEASURE MENT 
UNITS UNITS 
come HI LO LIMITS @ 
SEQUENCE RESULTS CORRECT VALUES SEQUENCE 
SIGNALS SIGNALS 
CENTRAL STORAGE & CONTROLS 
— COMP RESULTS 
TEST |OUTPUT | SEQ. |SIGNAL | SIGNAL | INPUT JEXPECT | MEAS HI Low HI Low | NEXT HI Low SPEC. 
x HUB #] ed VALUE | HUB # | VALUE | UNIT # | LIMIT | LIMIT | COND. | COND. JNORMAL] INDIC INDIC. | INSTR. 
Test | TEST | TEST 
OuTPUT 
EQUIPMENT 
INPUT “i 
EQUIPMENT |W TYPEWRITER 
PUNCHED CARD READER VISUAL ALARMS 
PAPER TAPE READER 





MAGNETIC TAPE REPRODUCER 


PATCH PANEL 


AUDIBLE ALARMS 
NUMERICAL DISPLAYS 
PRINTER 

CARO PUNCH 

PAPER TAPE PUNCH 
MAGNETIC TAPE RECORDER 


FIG. 2. GENERALIZED GUARDIAN design shows functional sequence of excitation, measurement, compari- 


son and data transfer. 
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sub-systems demands more knowledge of the entire 
system). 


Epsco Guardian Offers Solution 

The only solution to the problem is through system 
automatic checkout. Anticipating the wide recogni- 
tion of this fact, EPSCO, Inc., Boston, Mass. has de- 
signed its line of Guardian Automatic Checkout Sys- 
tems for application to any type of weapon or indus- 
trial system complex. 

An automatic checkout system is defined as an auto- 
matically programmed test set capable of sequentially 
generating and transmitting programmed commands 
and excitations related to the component performance 
being tested; and receiving from that device measured 
parameters that it can compare with stored standards 
of conditions and performance; and, based on these 
comparisons, indicating the operational status of the 
device, issuing malfunction alarms, and corrective in- 
structions as necessary. 


Programming Follows Computer Techniques 

Automatic checkout is expected to advance system 
maintenance in industry and defense in the next dec- 
ade in much the same way the general purpose digital 
computer has advanced American business since in 
the early forties. Both techniques utilize essentially 
simple machines that are capable of very rapidly exe- 
cuting a relatively small number of instructions re- 
lated to basic operations. For the computer these 
basic operations are—addition, subtraction, compari- 
son and data transfer. By analyzing nearly any num- 
erical, scientific or business problem, it is possible 
for a human being to break down the problem into 
those simple functions, which the computer can carry 
out in the order required for the solution. 
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AUTOMATIC CHECKOUT SYSTEM 














































































FIG. 3. SIGNALS FROM TRANSDUCERS are converted by Datrac Converter into 


digital form, if necessary; multiplexed into a serial train, then amplified to fall with- 


in voltage range of system. 


The basic operations for the Guardian automatic 
checkout system are— excitation, measurement, com- 
parison, and data transfer. Similarly, a human being 
can break down any checkout problem into these 
simple functions, which the automatic checkout sys- 
tem can carry out in the order required (Fig. 2). 

A thorough analysis of the system to be checked out 
is made during the problem breakdown. All subsys- 
tems are considered and the specified operating limits 
of the component parts of those subsystems are noted. 
With the system analysis completed, the various tests 
to be performed, with correct limits indicated, are 
arranged into a sequence known as the checkout flow 
chart. This is exactly the same as done in a manual 
checkout of the system by technicians, as those sub- 
systems essential to the correct functioning of others 
must be checked before dependent-sub-systems are 


checked. 


In addition to the ordering of sub-system tests, the 








FIG. 4. TRANSICON DATRAC CONVERTER is the cen- 


tral unit in every GUARDIAN design. It translates ana- 


log voltages into digital form to achieve high accuracy. 
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FIG. 5. DIGITAL CONDITIONED inputs are compared with stored codes from 


drum memory. If comparison is not within established tolerance limits, corrective 


instructions are issued to operator. Paper tape drives programmer. 


order of tests within each sub-system is similarly de- 
termined. These secondary sequences are undertaken, 
however, only when a sub-system malfunction is de- 
tected. The Epsco Guardian can continue to conduct 
the main test simultaneously with a secondary se- 
quence. 


Instrumentation 


After system analysis and flow chart preparations, 
the device to be tested is instrumented—equipped 
with transducer sensors which will provide the auto- 
matic checkout system with test signals from each 
point to be tested. Typical transducers are strain 
gages, potentiometers, flow meters, differential trans- 
formers, and thermocouples. Their function is to con- 
vert physical signals into analog signals, usually volt- 
ages. 

All signals are eventually converted into digital 
form, which is the language of the Guardian. Test 
signals that are essentially digital, therefore, do not 
require conversion. The input analog voltage signals 
are first multiplexed to produce a serial train of volt- 
ages, with each voltage occurring in the order de- 
termined by the test program. Next, the sequential 
voltages are amplified so as to fall within the operat- 
ing voltage range of the system, for entry into the 
voltage-to-digital converter (Fig. 3). 


Voltage-to-Digital Conversion Advantages 

The voltage-to-digital converter (Fig. 4) is a device 
that translates voltages into binary codes. Advantages 
of converting information into digital form include 
the achievement of any practical degree of accuracy 


and of high system reliability. Accuracy is limited only 
by the number of digits in the code. Im a 10-digit 
straight binary code, an accuracy of one part in 1000 
is realized; in an 11-digit code, accuracy is increased 
to 1 part in 2000. High reliability is made possible 
because only presence or absence of energy constitutes 
information in the digital form, whereas values of 
energy are significant in analog information systems. 
Generally, early voltage-to-digital conversion extends 
tolerance permission to the majority of the system. 


The digital codes from the converter and from the 
digital transducers are compared, in the programmed 
sequence, with stored digital codes which represent 
the correct operating specifications for the system be- 
ing tested (Fig. 5). If this comparison does not fall 
within the tolerance limits which have been estab- 
lished, an alarm indicates the out-of-tolerance con- 
dition and corrective instructions are issued to the 
Guardian operator. If the difference is within toler- 
ance limits, no alarm will be sounded. 


The primary objective of the automatic checkout 
is to inform the system operator immediately of a 
malfunction. This may be done by a visual or audible 
alarm or a combination of both. In addition to the 
alarm, corrective instructions must be provided. These 
can include a numerical display on the console to in- 
dicate the faulty subsystem, the faulty component 
within the subsystem, and the required corrective pro- 
cedure. The alarm and display unit is usually arranged 
to function only when malfunction is detected, as there 
is no point in having information on correct con- 
ditions reiterated. If it is desired, the complete test, 
or portions of the test where malfunctions have oc- 


171 








3 WATTS at 70°C 


1 WATT at 200°C 
=1%!! 


MEPCO TYPE P3 Power wire wound resistor 
has found immediate acceptance due to its small 
size and high power and temperature capabilities. 
CHARACTERISTICS: 

Size: 13/16” x 1/4” 

Leads: 112” #18 hot solder coated 


Wattage: 3 watts at 70°C 
derate to 0 at 275°C 


Protection: Multiple coats baked 
silicone resin 


Resistance: 12 to 6.5K 
Tolerance: 1% standard .1% to 5% special 
Temperature Coefficient: .002%/°C 


Insulation: Multiple coatings of 
Baked Silicone Varnish 


Dielectric: 1000 V RMS Min. 


Moisture: Characteristic G MIL-R-26C 


Other types from 2 to 15 watts 
Write for NEW reduced price list 


SEE US AT BOOTH #1418 
AT THE WESCON SHOW 


cured, can be recorded on magnetic tape at high speed, 
and later transferred to punched cards or printed form 
for analysis. 

The Guardian can also be provided with alternate 
test programs for use in high or low urgency situa- 
tions. Under conditions of high urgency, the most 
rapid checkout to the widest permissible tolerance 
limits would be used. If no immediate urgency existed, 
the most comprehensive test with the strictest toler- 
ances would be used. Another example of the equip- 
ment’s flexibility is that modified versions of a missile 
or aircraft can be checked out by the same Guardian, 
using a short modification tape which changes the 
standard program to accommodate the modification. 
Also, by changing program tapes and making con- 
nections to the new system the Guardian facility can 
be used to check out any weapons system, including 
its associated electronics subsystems, in a minimum of 
time. 
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FIG. 6. MASTER GUARDIAN for checkout of large com- 


plex weapons systems. 


Basic Guardian Designs 

The Master Guardian (Fig. 6) is designed for the 
automatic checkout of large complex weapons systems, 
where checkout is required both at all stages of assem- 
bly and test and in various locations. One central con- 
trol unit can tie-in various checkout consoles of sub- 
system contractors. 

The Field Operational Guardian accomplishes the 
same complete checkout of weapons systems in the 
field, and also includes the Urgency selector. The ex- 
tensive test recording facilities provided by the Master 
system for developmental and quality-control analysis 
are not needed here. 

The Mobile Field Test Guardian is designed for 
high-speed checkout of manned aircraft, both on run- 
way alert and reserve flight lines. 

The Sub-System Test Guardian is designed for high- 
speed production line quality-control checkout. 

The Continuous Alarm Monitor Guardian provides 


ety, tone 


ao” 
LFE makes a 
DELAY LINE 
for almost 


every purpose! 4 


Okay, we admit it. Delivery room 
delays are out of our line. 


But if your problems include choos- 
ing the right delay lines for computer 
applications, airborne or ground ra- 
dar MTI systems, missile systems, 
lock-test or range markers, or you 
name it, LFE has a delay line design 
that will do the job. 


There's 12 years of experience be- 
hind LFE's quartz and mercury delay 
lines. That's your assurance of re- 
liability and proven design when you 
buy delay lines from LFE 


Mix 


SEND FOR THE FACTS 
Write for full information on LFE's 
complete line of delay lines. 


LABORATORY FOR 
ELECTRONICS, INC. 


continuous preventive monitoring—such as might be Computer Products Division 
required in atomic reactors—of critical parameters to 1079 
detect, predict, and indicate probable malfunctions. Commonwealth Ave. 
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Four Missile Relays 


Four new rotary balanced armature relays designed 
or operation under high environmental stresses of 
missile and other military applications and encorpo- 
ating the Hi-G permanent magnet “hold-open” fea- 
wre (explained in detail in “Relay Design for High 
Vibration” by John Pfingsten in the July-August 1958 
sue of MILITARY AUTOMATION), have recently 
hen announced by the manufacturer, Hi-G, Inc., 
Bradley Field, Windsor Locks, Conn. All relays can 
be furnished in a number of coil resistance values, and 
ill contacts are rated at 2 amperes resistive at 28 vdc 
o 115 vac, except Type 8DL, rated at 3 amperes. 


bai ¥ fi 


JROTARY BALANCED ARMATURE relays for mili- 
tary use recently announced by Hi-G, Inc., Bradley 
Field, Windsor Locks, Conn. (From left to right} 
Types ESS B Crystal Case, 4 DM and 8DL. 


Type ESS Series relay in a square hermetically 
saled enclosure, approximately 1” square by 11” 
high, is designed to meet vibration of 20 G to 2,000 
cps with a sensitivity of 8 mw in a 2 PDT unit. 

Type B Crystal case relay meeting the requirements 
of Military Standard Drawings MS-24250, is also 
available as Type BR which internally mounts silicon 
rectifiers for use at 400 cps or higher. Both types are 
suitable for vibration of 30 G, 50-2,000 cps minimum. 

Type 4 DM relay is a double-ended hermetically 
sealed 4PDT cylindrical relay 114” long and only 52” 
diameter which can be used as an in-cable assembly if 
desired. Two parallel, magnetically isolated armature 
are operated from a common coil which has terminals 
exposed at each end. Operates under vibration of 20 
G to 2000 eps. 

Type 8DL relay is a hermetically sealed double- 
ended cylindrical relay with two balanced rotary 
armatures operated from a single coil, providing an 
pole double-throw facility in a chassis space of only 


Division 91.1” diameter. For details on 4DM and 8 DL types 


Ave. 


ARO 


SIGN 





write to R. H. Wood, V. P. Sales Dept. HL-G, Inc., 
Bradley Field, Windsor Locks, Conn. 
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Remove the speed limitations of tle deflection 
from radar read-out—extend g¢ Babilities through 
ultra-fast Du Mont electrostagrce ily deflected and 
rate, complete surveil- 
oafital, guided or manned 
ont radar tubes offer jump- 
s Flarger screen sizes to meet all 
jad-out requirements, including hi- 
ion uniformity and reduced deflec- 

Tsing. 
, igate Du Mont electrostatic radar tubes— 
write for complete technical details.. 
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ALLEN B. DU MONT LABORATORIES, INC., CLIFTON, N.J., U.S.A. 
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FIG. 1. ELECTRO-MECHANICAL DIFFERENTIAL 
precision potentiometer is a new electromechanical 
element which offers design capabilities of sub- 
traction and addition plus usual functions of multi- 
plication and division. 


FIG. 2. DIFFERENTIAL FREQUENCY COMPARA- 
TOR built by Kearfott for F-106A Interceptor em- 
ploys new electro-mechanical differential. 
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DIFFERENTIAL 
POTENTIOMETER 1 “<< 
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! 
LINE REFERENCE 
MOTOR MOTOR 


FIG. 3. ACTION OF electro-mechanical differential 
is illustrated in schematic diagram of operation of 
Differential Frequency Comparator. 
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A Differential Potentiometer 


W. B. ROSSNAGEL 


Reliability Supervisor 
Kearfott Co., Inc. 


AY ADVANCED type of precision potentiometer 
called an Electromechanical Differential now 
being used in an airborne generator frequency con- 
trol application on the Air Force’s F-106 Convair-built 
all-weather interceptor, also has other applications in 
computer and instrumentation projects. This uniquely 
miniaturized component offers electromechanical engi- 
neers an element which is capable of addition and 
subtraction as well as the usual potentiometer func- 
tions of multiplication and division. 

The Electromechanical Differential (Fig. 1), the 
result of a joint design effort between the author and 
the Carter Manufacturing Corp., 23 Washington St., 
Hudson, Mass., has been in production for more than 
a year by that firm and is incorporated in the Kear- 
fott Differential Frequency Comparator (Fig. 2). In 
this system one synchronous motor is operated from 
the aircraft power system which can vary in frequency 
from the nominal 400 cps by as much as 20 cycles, 
plus or minus. Another synchronous motor is driven 
at a precise 400 cps from a tuning fork amplifier. 

Referring again to Fig. 1, the Electromechanical 
Differential is equipped with one gear common to the 
potentiometer wiper while the other gear is common to 
the winding or case. The shaft bears three slip rings, 
through which contact is made to the wiper and wind- 
ing terminals. When mounted in position in the Dif- 
ferential Frequency Comparator, the nominal 8000 
rpm speed of each motor is reduced through a 21.8:1 
gear train to 376 rpm. The winding gear of the Elec- 
tromechanical Differential is driven by the “Line” 
motor and will respond to changes in that motor’s 
speed which in turn is proportional to the aircraft line 
frequency. The Electromechanical Differential wiper 
gear is driven by the “Reference” motor which op- 
erates from the precise 400 cps reference source. 

Whenever the line frequency varies from that of the 
tuning-fork stabilized reference, the wiper of the Elec- 
tromechanical Differential will be driven away from 
the center of the winding (Fig. 3), thus developing 
an error signal. The two amplifiers are arranged to 
“buck” each other, which results in the alternator 
control being driven to speed up or slow down to 
compensate for the error. As the alternator speed is 
corrected the wiper is again driven to the null or 


center position where it remains until another devia. 
tion in line frequency occurs. This system is effective 
in maintaining the line frequency of the aircraft at 
400 cps +0.1 cps despite the many abrupt changes in 
power to which the system is subjected. 

In this application when only one motor is ener. 
gized, the wiper of the Electromechanical differential 
will rapidly drive into one of the mechanical stops. The 
driving motor then drives the de-energized motor at 
synchronous speed through the Electromechanical Dif- 
ferential’s gears. The strength of the unit including 
the mechanical stops and gears is designed to repeated- 
ly absorb this impact without damage. 

Specifications of the Electromechanical Differential 
Potentiometer in its present conformation are: 


Electrical Specifications 

10,000 ohms +5% 

1 Watt @ Room Ten- 
perature 0.5 Watt @ 
125°C 

Linearity 0.5% 

Resolution 0.13% max. 

Electrical Winding Angle 320+2 degrees 

Equivalent Noise 
Resistance 

Temperature Coefficient 


Resistance 
Power Dissipation 


100 ohms max. 


20 PPM/°C 


Mechanical Specifications 
Mechanical Angle 
Mechanical Stops 


324 degrees nominal 

Withstands 300 in-oz 
torque 

Starting Torque 0.1 in-oz. maximum 

Gears Precision 1 as required 


Potentiometer Housing 7%” Dia 


Environmental Specifications 
Mil-E-5272 to +125°C 
Mil-E-5272 to —54°C 
Mil-E-5272 Procedure I 
Mil-E-5272 Para. 4.15.2.1 


High Temperature 
Cold Temperature 
Vibration 


Shock 


The Electromechanical Differential offers the de- 
sign engineer a complete error translating system in a 
single pre-tested and assembled package, as contrasted 
with purchase and assembly of end “gears, mechanical 
differential, potentiometer and supporting plate. Al- 
though initially designed for airborne applications 
where minimum space and weight, and extreme re- 
liability are essential; its low initial cost, ease of 
procurement and assembly also make it an ideal com- 
ponent for general analog computer applications. 
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METAL FILM RESISTORS 


NEW! This precision low fidise 
metal film resistor meets and ex- 
ceeds requirements with temper-’ 
ature coefficient of plus or mi- 
nus 50 ppm/°C independent of 


Precise Pressure Test System 


Until recently, 1% of full scale accuracy was con- 
sidered adequate in most pressure controlling systems 
or components. Today, it is not uncommon for pres- 
sure components in the aircraft and missile fields to 
function to accuracies of 0.5% full scale range. The 
utilization of primary standards to calibrate these com- 
ponents is impractical in most cases. The Barodyne 
700/800 series has been developed to meet this need 


avartapte 2° NOW 





resistance value. Standard tol- for a highly versatile precision test equipment func- 
pir Ag My Be on tioning as a secondary standard to accuracies of 0.05% 
x 406" diam.—is equivalent or better, 
to MIL Style RN 75, maxi- 
mum voltage rating 500V. 
Type WEFH.-.781" long x 
.250" diam.—equivalent to 
MIL Style RN 70, maxi- 
mum voltage rating 350V. 
Enclosed in specially 
designed hermetically 
sealed plastic casing 
(patent pending) to 
protect precision re- 
sistor element. 


MODULARIZED 
RANDOM ACCESS 
MEMORY 


COMPUTER CONTROL COMPANY announces the 
availability of its new all-transistor, coincident cur- 
rent, ferrite core, high speed, random access memory. 











FEATURES: 


ge — High Megohm — High : 
requency. Our test equipment and standards for : 
checking and calibrating are matched only by leading : 
jaboratories. Write for more information. : 


The Barodyne 700 series, designed for dual pres- 
sure instruments, can be used in testing jet engine 
duct throat mach number controls; jet engine pres- 
sure ration control; liquid propellant balancing sys- 
tems; wind tunnel monitoring systems; air data com- 
puters; machmeters; altimeters, and airspeed indi- 
cators. It can also be used for single pressure in- 
struments. 

The Barodyne 800 Series essentially is designed for 
single pressure equipment tests, including production 
and field tests of transducers; barometric altitude con- 
trols; absolute altimeters, and differential altimeters. 
It can also be used as an analog-to-pressure or pres- COMPUTER 
sure-to-analog converter. 

A relatively low-cost plug-in type programmer has CONTROL 
been developed to adapt either type of Barodyne to COMPANY. INC 
meet any specific testing requirements. Also the equip- 
ment can be controlled manually or by automatic 
operation, (Technical specifications and detailed op- 
peration of the Barodyne system is given in new 6-page 
brochure.—U. S. Science Corp. Div. of Topp Indus- 
tries, Inc., 5221 West 102nd St., Los Angeles 45, Calif. 
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| HGH MEGOHM RESISTORS, 


Type H. For electrometer circuits, 
radiation equipment and as high re- 
sistance standards. Resistance avail- 
able to 100 million megohms. Volt- 
age rating to 15,000 volts. Low 
temperature and voltage coef- 
ficient. Seven sizes, from ¥," to 
3" long, of which 2 meet re- 
quirements of MIL-R-14293A. 
Standard resistance tolerance 
10%. Tolerance of 5% and 
3% available. Also matched 
pairs with 2% tolerance. 
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10° revolutions at 


2000 rpm... 


.»- AND NO END IN SIGHT! That’s what life 
expectancy tests of these new conductive plastic preci- 
sion pots have shown. And checks during testing have 
shown near-infinite resolution, no measurable change in 
linearity or noise, and only 5% change in total resistance. 
Stock resistance values are 1, 2, 5, 10 and 20K. Values 


between 100 ohms and 10 megohms supplied on special 
order. 


A COMPLETE LINE OF 


wirewound 
precision pots 


Included in this outstanding 
line is Model 158: a 4-watt, 
multi-section pot that passes 
a rigid noise test at —55°C, 
and is available in resistances 
up to 150K ohms. Also in- 
cluded in the complete NEI 
wirewound line are servo mounting and low torque 
types. Sizes range from %” to 3” in diameter. 


-+. AND special CONDUCTIVE 
PLASTIC ELEMENTS 
. including rectilinear elements for slide-wire appli- 
cations and other precisely built conductive plastic 
elements for use in fuel gauges, accelerometers, pressure 
transducers and other instruments. 


NEI is the only source to offer precision wirewound 
AND conductive plastic potentiometers. WRITE 
TODAY for full information. Spec sheets and the 
convenient NEI Fact File are yours on request. 


NEW ENGLAND 
INSTRUMENT 
COMPANY 
350 MAIN STREET, WOONSOCKET, RHODE ISLAND 
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MODEL 144 ADAPTOR 
CIRCUIT ANALYZER CABLES 


UNIT UNDER TEST 


FIG. 1. CIRCUIT ANALYZER AN/USM-88 approve: 


for military field and shipboard use, has a testing capacity 
of 144 circuits. ''Go'’ no-go" automatic test is supple- 
mented by visible matrix-type reference chart which pro- 
vides remedial information and location of defect. 


VACUUM-TUBE 
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MMETER ‘ggg ees SSS * 
FIG. 2. MATRIX CHART and Vacuum-tube Ohm. 


meter are the two tools which enable a human, in- 
telligent decision to be made on each "go, no-go" 
automatic machine decision. 


“GO, NO-GO” ANALYZER ALSO GIVES 


Me limitations are imposed on field engi- 
neers when “Go, No Go” automatic tests pro- 
viding only yes or no answers are applied in a field 
ground-support activity. Assurance of operational 
readiness or prediction of the trouble-free operating 
time of today’s modern missiles and spacecraft cannot 
be provided by simple “stop” and “go” machine deci- 
sions. However, a practical solution combining the 
positive rapidity of “go, no-go” testing with additional 
quantitative information bearing on the decision is 
now available. With this information operational readi- 
ness and trouble-free operating time can be predicted. 
A man in the field can function as a human being 
rather than as yes-man to a two-condition robot. 

Automatic Circuit Analyzers developed by the Elec- 
tronics Division, DIT-MCO, INC., 911 Broadway, 
Kansas City, Mo., provide quantitative information for 
each and any “go, no-go” decision if the information 
is required. Equipped with this information, a human, 
intelligent decision can be made on each “go” or “no- 
go” machine decision. If no decision-making informa- 
tion is required, the equipment can function solely as 
a “go, no-go” tester. 

The Analyzers sequentially test each circuit for 
continuity. Simultaneously with the continuity test, 
each circuit is checked for shorts and high resistance 


leakage to all other circuits and ground. In Fig. 1, 
DIT-MCO Model 144 (AN/USM-88 is shown con- 











nected to a typical “black box” under test. To use this 
tester on a second totally different system, the second 
equipment need only to be connected to the Circuit 
Analyzer with its own adapter cables and the Matrix 
Chart changed—the total requiring only a few min- 
utes. 

Because the Analyzers are essentially of the “go, no- 
go” type, they will accept or reject circuits under test. 
If the circuit is “good”, the equipment will advance 
automatically to the next test position. 


"Good" Circuit Test 


For every circuit the equipment passes as “good”, 
the quality of the circuit, or “how good” information 
is known. The following things are true about the 
“good” circuit: 

(1) There is continuity. 

(2) The continuity resistance is below a predeter- 
mined engineering standard (“how good” in- 
formation). 

(3) The circuit is not shorted to any other circuit. 


(4) The insulation resistance or leakage resistance 
is above a predetermined engineering standard 
(“how good” information). 

(5) Relays, solenoids or other resistive devices 
which are an integral part of the circuit under 
test, are operating properly. 
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ELECTRICAL 
early mainte- CONTROL 
nance instruc- 
tion; is ready 
for service use 
co-incidentally 
with the basic 
system. 


If more explicit information is required, a vacuum- 
tube ohmmeter can be switched into the circuit to 
read actual values of continuity resistance (more “how 
good” information) . 


“Bad" Circuit Test 


For every circuit the equipment rejects as “bad”’, 
the equipment immediately stops. Instantly, the na- 
ture and location of this fault is known merely by look- 
ing at the Analyzer. If a short circuit is present, the 
“short” light will glow; if an open circuit is present, 
the “open” light will glow. In addition, two lights 
cross-reference on the Matrix Chart to indicate ex- 
actly which circuit is faulty. The following data, which 
may be termed “how bad” information, can be ob- 
tained by merely switching the vacuum-tube ohmmeter 
into the circuit: 


(1) Open circuit indication—the circuit is actually 
open (infinite resistance reading on meter) or, 
circuit continuity resistance is above the pre- 
determined engineering standard (finite resist- 
ance reading). 


(2) Short circuit indication—the circuit is shorted 
to another circuit (very low resistance read- 
ing) or, the insulation or leakage resistance is 
below the predetermined value (resistance read- 
ing below engineering standard). 
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W. SHERM TIMMONS 


DATA FOR HUMAN INTERPRETATION 


Two Aids to Human Intelligence 


The Circuit Analyzers use two tools which enable a 
human, intelligent decision to be made on each “go, 
no-go” machine decision: The DIT-MCO Matrix Chart 
and a vacuum-tube ohmmeter (Fig. 2). The Matrix 
Chart indicates at all times which circuit is under test. 
The vacuum-tube ohmmeter indicates the exact quality 
of each circuit, i.e., continuity resistance, short resist- 
ance and/or leakage resistance. 

The DIT-MCO Matrix Chart not only indicates 
which circuit is under test, but also gives complete 
information necessary to correct faults immediately 
upon a fault indication. Complete circuit identity num- 
bers, connector and pin numbers, terminal connec- 
tions, wire number, color codings, etc., are contained 
in each Matrix Chart square. Additional information 
on circuit variables to meet special or operational 
needs can be noted directly in the square referenced. 

The Matrix Chart is brought into being along with 
the “black box” or military system it is designed to 
test (Fig. 3). The Test Planning Group, working close- 
ly with and utilizing recommendations from Quality 
Control Engineering, Test Methods, Test Require- 
ments, Manufacturing Research, Reliability, Electrical 
Design and Process Control Groups, designs the Plug- 
board Inserts or Adapter Cabling and the Matrix 
Chart. 

The Harness Shop makes up the adapter cables or 


Dit-Mco, Inc. 


cable assemblies. These are then sent with completed 
Matrix Charts to Production Test, Modification Test 
and Ground Support. As a result of their daily use the 
testing method is refined and improved. Also, as the 
new system is modified during the development phase, 
the Matrix Chart, and if necessary the adapter cables, 
are modified to keep in step with the evolving system. 

Matrix Charts and adapter cables accompany the 
Military system as it goes into production and on into 
the Ground Support and Training phases where still 
more modifications may occur. When the “black box” 
system is accepted for service use and goes into pro- 
duction, the DIT-MCO Test System is also proven and 
ready. Service personnel will also have been trained 
in the efficient use of the Circuit Analyzer in every 
situation from line maintenance to extensive repair 
base functions. 

Because the DIT-MCO Circuit Analyzer eliminates 
the human processes involving readout-data conversion 
and interpretation, the chances for human error are 
decreased, providing for a more reliable and economi- 
cal test. The engineer, furthermore, remains in com- 
plete command of the test, his opportunity to use 
judgment in all cases where it is required being un- 
impaired. Furthermore, as test requirements for ap- 
plied judgment change during the evolution of a sys- 
tem, the DIT-MCO Analyzer rapidly adapts to stream- 
line missile tests to firing-line simplicity. 
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Pressure Potentiometers for... 


HIGH TEMPERATURES 


Type P103 
Pressure Potentiometer 
shown % size 


New Trans-Sonics* Pressure Potentiometers, Type 
P103, measure pressures of corrosive fluids such as 
red fuming nitric acid (RFNA) and unsymmetrical 
dymethylhydrazine (UDMH) for telemetry and con- 
trol applications at ambient temperatures up to 600F. 


Corrosive fluids are contained by a welded Inconel-X 
bellows which actuates a dynamically balanced mech- 
anism. This mechanism is hermetically sealed in a 
stainless steel case for protection against corrosion 
and other environmental hazards. 


Accurate and reliable performance has been proven 
under the following conditions typical of missile en- 
vironments: Random Gaussian Vibration 0.1g*/cps, 
15 to 2,000 cps; Acceleration 75g; Shock 75g. 


Flexibility of installation is assured by small size and 
light weight. Dimensions are 17%” diameter by 17%” 
long. Weight is only 6 ounces. Standard ranges are 
0-100 and 0-150 psia . . . other ranges to special 
order. Write for Technical Bulletin P103 to 
Trans-Sonics, Inc., Dept. 12, Burlington, Mass. 


* TRADEMARK 


TRANS-SON 
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FIG. 1. TYPICAL SERVO of the position type uses potentiometer 
transducer with feedback potentiometer slaved to output shaft. 


The term “precision mechanisms” was derived to 
refer to any assembly of rotating electro-mechanical 
components such as servos, synchros, resolvers, 
switches, potentiometers, clutches, etc., and associated 
electronic circuitry including transistorized power sup- 
plies and amplifiers. 

These are assembled by Spectrol on common or 
parallel shafts to reduce size and weight and eliminate 
many inaccuracies which occur through the use of 
individual coupling. 

Illustrating the concept of modular packaging is the 
diagram of a Position Servo shown in Fig. 1. Here, a 
potentiometer is used as an input transducer to con- 
vert a shaft rotation to a proportional electrical output. 
This output is applied to a difference sensing device 
which also receives a voltage from the feed-back poten- 
tiometer that is proportional to the output shaft rota- 
tion. A voltage, the difference between the input and 
feed-back voltages, is applied to the servo amplifier 
and then to the motor. Connections are arranged so 
the feed-back voltage approaches the input voltage as 
the output shaft is rotated toward the desired position. 
When these voltages are equal, or their difference is 
zero, the system is at rest. The system remains at rest 
until a new input command is received. The motor, 
gear train feed-back potentiometer, and all other output 
devices are contained in the coaxial module as indi- 
cated by the dotted outline in Fig. 1. 

When the servo assembly is made up of several 
rotary components each with its own shaft, assembly 
must be accomplished through tailor-made gear trains 
as in Fig. 2. Fig. 3 is a diagram of Spectrol’s precision 
mechanism package designed to produce an identical 
output. 

In the past, the components making up such coaxial 
modules were specified and purchased individually. 
Now, solution of these multiple problems is trans- 
ferred entirely to the Spectrol precision mechanism 
specialist who will provide a sub-assembly designed di- 
rectly from the system, of sub-system specifications. 
Customer receiving-inspection and quality control can 
now be concerned with only complete subassemblies 
which can be inspected on a simple “go no go” basis 
thus eliminating individual component testing. (From 
100-page Potentiometer catalog with specifications for 
wirewound single and multiturn precision potentiom- 
eters, Spectrol Electronics Corporation, 1704 So. Del 
Mar Ave., San Gabriel, Calif.) 


FOR THIS LITERATURE CIRCLE 76 ON READER-SERVICE CARD 








FIG. 2. PANEL MOUNT- 
ED servo units require 
gear trains and accessory 
components engineered 
to each application. 















































FIG. 3. SAME SERVO AS- 
SEMBLY using Precision 
Mechanism concept. 
Complete subsystem is 
delivered in accordance 
with system specifications. 
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Screaming through dives, twisting 

| and turning in violent maneuvers— 
today’s high performance aircraft | 
demand equipment mounting sys- - 
tems engineered for their particular 
operating regimes. 


The Type 1840 Multi- Attitude 
Mounting System shown above is 
just one example of Federal’s engi- 
neered system concept. Designed 

| for service on advanced aircraft, it 

| provides required shock and vibra- 
tion isolation over specified ranges 
of operating attitudes. Pressure fit- 
tings, electrical connections, or 
both, to meet requirements. 


Like the Type 1840, ali Federal — 
mounting systems are engineered 
specifically for the particular equip- 
ment and service conditions. The 

- fesult is optimum protection, in the 

_ minimum package volume. 
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As specialists in the design of engi- 
neered mounting systems to 
rigorous specifications, Federal wel- 
comes complex shock and vibration 
isolation problems. A tetter outlin- 
ing your requirements will place our 
_ engineering staff at your disposal. 


feoting Next Generation Concepts 
in Vibration and Shock Control 


FEDERAL 


SHOCK MOUNT CORP. 
| Division of THE KORFUND COMPANY ING. 


1060 WASHINGTON AVE., N.Y. 56, N.Y. 


Data File No. 2 on Federal Engineered 
Mounting Systems and standard MIL Spec 
bases and mounts is yours for the asking. 
Write today to Dept. MSD. 
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Army Com-System is 
Air-Ground Transportable 


The AN/TSC-16 is a versatile radio communications 
system which can be transported by air or moved 
overland under its own power. It provides sixteen 
teletypewriter channels, two telephone channels—one 
of which can be used for facsimile—and two order 
wire circuits for engineering information. 

Geared to the quick-reaction demands of brush-fire 
conflicts in any part of the world, the AN/TSC-16 
gives U. S. Army Combat commanders a communica- 
tion capability previously possible only in large, fixed 
radio installations. With an operational range of 
1,000 to 3,000 miles, the Central links the field com- 
mander directly with the Army’s global communica- 
tions system. . 


COMCENTER VAN (30 ft long) has gran ce 
which permit more efficient traffic flow, simpler equip- 
ment maintenance and provide greater storage space. 


The complete equipment—consisting of a Receiver- 
Comcenter van, a transmitter van, two tractors and 
two trailer-mounted dual generator sets—plus the 48- 
man operating team can assemble, load into three 
C-124 aircraft and be airborne within 12 hours. On 
arrival, the system can be ready for interim opera- 
tions in about four hours. Two days are required for 
erecting rhombic antennas for full-capacity operation 
(See Figure). 

Operational control of the system is handled at the 
Receiver-Comcenter van which is located two to ten 
miles from the transmitter van. The tape- and page- 
printing teletypewriter units and associated crypto- 
graphic equipment housed in the comcenter transmit 
their traffic via transistorized tone telegraph keyer 
units to one of the channels for a four-channel tele- 
phone terminal multiplex set. The other channels are 
used for telephone, long distance order wire, and 
telephone or facsimile. The common output of the 
multiplex set is transmitted via a UHF link to the 
transmitter van, where it modulates the 10-kw trans- 
mitter after being restored to four channels by a de- 
multiplexer terminal. 

Both the comcenter and transmitter vans contain 
test and measurement equipment to insure adequate 
maintenance. Spare parts for such maintenance are 
stored in the vans. Heating and air-conditioning units 
maintain comfortable temperatures within the vans 
for operating personnel. (From 4-page brochure on 
New Long Range Communication System.—Adler 
Electronics, Inc., New Rochelle, N. Y.) 
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The NEW Series BH100 


MOLLI-\)- METER 


THE INSTRUMENT 
with the TAPE-SLIDEWIRE 


‘Y 10 the 


10 times THE ACCURACY 


OF STANDARD INSTRUMENTS! 


@ Resolution: 1 part in 10,000 
@ LABORATORY PRECISION for the operating plant. 
@ COMPATIBLE with any transducer—AC or DC. 


@ For strain gage, linear differential transformer, thermocouple, 
thermistor, resistance thermometer, pulse or variable fre- 
quency circuits or systems. 


@ Parabolic or logarithmic functions are linearized for direct 


digital reading. 


@ Every scale unit is a calibrated value. 


Produced by the makers of.the JETCAL® jet engine Analyzer... 
in worldwide military and airline use! 


* TRADE MARK 


iin 





Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CAL., 
TORONTO, ONT. (George Kelk Ltd.), 

VISIT US AT BOOTH No. 847—ISA SHOW—CHICAGO 
CIRCLE 17 ON READER-SERVICE CARD 














DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., 
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Full information is available for the asking! 


Be H INSTRUMENT 
co., INC. 


3479 West Vickery Bivd., Fort Worth 7, Texas 


WICHITA, KAN. 
MITCHAM, SURREY, ENGLAND (8ryans Aeroquipment Ltd.) 
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FIG. 1. MICRO-MINIATURE TRIMMER Potentiom- 
eter, MINELCO Model MS-! in cross-section view. 

A. Slotted shaft—stainless steel. B. Spring washer 
—phosphor bronze. C. Wiper carriage and com- 
mutator. D. Wiper—palladium alloy. E. Resistance 
wire—F, Card—wire support. G. Terminal end tab. 
H. Outer base—anodized aluminum. J. Base in- 
sulator—Mylar. K. Moisture seal. L. Outer case— 
anodized e anal al M. Shaft insulator—epoxy. N. 
Insulating sleeve—Mylar. O. Wiper pick-off and 
—" stud. P. Stop pin—stainless steel. Q. In- 
sulating washer—Mylar. R. Inner base—epoxy. S. 
Lead wire—Teflon insulated. T. Epoxy embedment. 


FIG. 2. MICRO-MINIATURE SERIES of Minelco 
Trimmer Potentiometers. 

A. MS-|I, General purpose. B. MS-2, Printed cir- 
cuit. C, MS-4, General purpose. D. MS-5, Printed 
circuit. E. HA-I, Hearing aid volume control. F. 
CT-!, Commercial. G. PC-1, Potting type. PC-2, 
Printed circuit potting type. J. MS-3 General pur- 
pose—extended resistance and power range. 


Transition Phase 


in Micro-Miniature Design 


ROYAL E. MANN 
Chief Engineer 


Miniature Electronic Components Corp. 


Holbrook, Mass. 


DVANCED THOUGHT in micro-miniature de- 
A sign is concerned primarily with solid-state cir- 
cuitry and module construction. During the past few 
months scientific and engineering literature have been 
saturated with articles on this type of miniaturization. 
Undeniably we are progressing at a tremendous rate 
toward the realization of the ultimate goal of such 
studies, the monolithic blocks of various kinds of 
tailored materials having a functional operation. 
Equally undeniable is the fact that this is a goal to 
be strived for in every sense of the word. Component 
assemblies with their myriad of mounting and inter- 
connection problems are costly, unreliable, and 
thoroughly unsatisfactory by comparison—at least 
this is our present thinking. 


Are Conventional Components Obsolete? 


In consequence, the small manufacturer of micro- 
devices now faces a dilemma. He may have invested 
for years in design engineering, in tooling and ma- 
chinery, and in training his production workers in 
the art (not science) of building micro-miniature as- 
semblies. He may well have been a pioneer in the 
development of a particular micro component involv- 
ing countless hours of engineering design and count- 
less trails of new materials, particularly in the plastic 
insulation catagories. Now when his investment may 
be justified in terms of current purchase orders he 
finds that research teams having financial resources 
far beyond his means are on the verge of a break- 
through in his own specialty—micro-miniaturization. 
Worse, he finds that the orientation of this break- 
through is such that completely automatic production 
methods will be required in the future. This, of course, 
means an enormous re-investment. 

However, a sober look at the present and projected 
state of the art would indicate that it will be a very 





long time before we have operational hardware that 
does not consist of components, mounting devices, and 
connections. As a matter of fact, the highly-promoted 
but interim micro-module—also involving components, 
mounting devices, and connections—is a long way 
from operational realization. Solid-state distributed 
circuitry is even more remote, considering the diffi- 
culties presently encountered in ordinary transistor 
manufacture. 


In the interim the manufacturer of small com- 
ponents has the opportunity to accomplish size reduc- 
tion and reliability improvement in his products with 
the expectation that they will find a market for many 
years to come. Not only does he have this opportunity, 
but he should consider it his duty and obligation to 
continue development of conventional devices to fill 
the gap during this interim period. 

As a concrete example of how a conventional prod- 
uct can be dramatically reduced in size and improved 
in reliability by simply using ordinary ingenuity and 
applying modern materials “know-how”, we will con- 
sider the design of a micro-miniature wire-wound 
potentiometer or, more properly, variable resistor. A 
few years ago a typical “miniature” potentiometer 
had a diameter of approximately one inch. More re- 
cently, and even currently, such devices in one-half 
inch diameter are labeled as “micro-miniature,” in 
spite of the fact that one-quarter inch diameter units 
are available, at least from one manufacturer. The 
philosophy involved in the design of a component 
having such radically reduced dimensions is disclosed 
in the following example. 


Design for Micro-Miniaturization 


The initial approach to the problem is one of defi- 
nition. What is a wire-wound potentiometer? What 
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we its essential elements? These questions must be 
yswered as objectively as possible without regard 
for previous concepts. In this particular example we 
can answer: “A wire-wound potentiometer consists of 
, length of high-resistance wire provided with end 
onnection terminals and provided with a means of 
contacting such wire by means of a third and movable 
connection.” 

Obviously this does not describe all of the problems 

involved in potentiometer design, but it is extremely 
yseful to refer to this definition as the design in a 
micro-miniature program progresses since it complete- 
ly describes the essentials of the device. 
. The second step is to review the definition in terms 
of materials necessary in the construction of the unit. 
In our example, the key term is “resistance wire.” 
Practically all manufacturers of wire-wound resistance 
devices are dependent upon independent producers of 
resistance wire, this being a separate business with 
its own set of complex problems. 


Wire Length Considerations 

Obviously the size of a potentiometer is radically 
influenced by the length of resistance wire necessary 
to realize a particular total resistance since this wire 
not only must be included within the dimensions of 
the pot, but must be so arranged that it may be con- 
tacted at a sufficient number of points over its length. 

The length of wire necessary depends upon the 
factors of total. resistance, wire resistivity, and per- 
missible wire diameter. Considering these in turn; 
an upper limit to total resistance must be established 
based on a knowledge of the application. Since micro- 
miniature potentiometers are almost invariably used 
in transistorized circuitry where impedances are low, 
an upper limit of 10,000 ohms is selected. Wire re- 
sistivity is determined entirely by the wire manufac- 
turer. The upper limit for commercially available wire 
of good reliability is 800 ohms per circular mil foot. 
A lower limit to wire diameter is determined by two 
considerations, wire stretching and breakage during 
winding and wear problems due to the abrasion of 
the wiper over a period of time. For reliability rea- 
sons a limit of 0.75 mil wire has been decided upon 
in our example. 

Three-quarter mil wire at 800 ohms/CMF has a 
resistance of about 1400 ohms/ft. For a 10,000 ohm 
pot, a length of approximately 7 feet is needed. How 
then can we best “stuff” seven feet of wire into a 


micro-miniature device and provide for contacting it. 


at reasonable intervals along its length? Obviously 
the wire must be wound upon a round mandrel or 
rectangular card of optimum shape to minimize size 
and give acceptable resolution. 

Wire spacing in winding is governed by the type 
of equipment used for a particular wire size but in 
general for 0.00075” wire the pitch will be about 
1000 turns per inch. 
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CLAROSTAT SERIES 53 


Used and proved superior in tens of thousands 
of installations, the Clarostat Series 53 
molded carbon pctentiometer is now available 
in quantity schedules to meet any production 
requirement. 


The extraordinary performance and reliability 


of the Series 53 resuit from a Clarostat-con- 
ceived design that eliminates all metal-to-. 


Pre-molded and pre-selected resistance 
element. 


‘¢. One-piece carbon contact with 
simultaneous contact on resistance 
element and collector terminal. 


Zero backlash. Maximum stability. 


< Gold-plated terminals for easiest 
soldering. 


- Grease seal around shaft. 
Terminals molded in element and control base. 
Full 2-watt rating at 70°C. 


= Available in completely encapsulated 
units for maximum environmental protection. 


metal movable contacts, reducing noise, wear, 
and backlash. 


For any application requiring the inherent su 
periorities of the molded carbon potent) 
ometer, check the extraordinary features of 
the Clarostat Series 53 before settling for the 
ordinary... 


direct 
line | 
service 
IMMEDIATE 
DELIVERY! 


Phone 
Distributor 
or mi 


fast 


for popular, standard Series 53 
tary style RV-4 units... for 
delivery from local stock. 


x local Clarostat Industrial 
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Optimum Form Essential 

At this point various mechanical designs are ex- 
perimentally considered to minimize size consistent 
with the figures given above. Here is where the in- 
genuity of the individual designer comes into play 
and represents an area where the small company has 
the advantage, since it is more likely to have avail- 
able the kind of dedicated talent capable of doing this 
work. 

A round mandrel can be immediately discarded. Its 
very shape is not compatible with a minimum volume 
design because other parts cannot fit in close prox- 
imity to it. We therefore need the optimum flat card 
dimensions. Realizing that a minimum card thickness 
will be used to allow formation of the wound card 
into a contour suitable for wiping with a contact, the 
attainable resistance will depend only upon card area 


(both sides). 





If: L = card length in inches 
W = card width in inches 
p = winding pitch, turns per inch 
| = wire length in feet 
im Ie 
12 6 
Or: the area of one side of the card 
A= LW = a 
p 


For our particular example: 


A. . BUS = 0.042 sq. inches 


1000 

In order to contact the card in minimum space by 
means of a wiper rotated by a shaft, the card will 
necessarily be formed in cylindrical shape, and for 
reliability reasons must be contacted on its edge. In 
order to provide space for wiper flexure in minimum 
volume the card width should be minimized at the ex- 
pense of card length to make the active potentiometer 
length approximate its diameter. After many trials in- 
volving minimum wiper dimensions, wiper contact 
pressure, and minimum insulation thickness at various 
points in the structure, optimum card dimensions have 
been determined in our example to be approximately: 

W = 0.125”, and L = 0.335”. 

Allowing 0.020” at each end of the winding for end 
terminations between the resistance wire and external 
leads we then have card dimensions of 144” x %”. 
The 3%” length can be formed into a circular shape 
after winding and not exceeding 0.180” outside diam- 
eter; building into a potentiometer having adequate 
insulation and structural strength but not more than 
1,” dia overall. The 44” width allows adequate in- 
sulation at the bottom where the external leads emerge 
and sufficient height above for a wiper structure of 
proper compliance and not exceeding the same 0.180” 
dimension, for a nearly cubical volume. A check to 
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determine the resolution is now made. With an active 
card length of 0.335” and a pitch of 1000 tpi we haye 
about 335 turns of wire or an inherent resolution of 
0.3% which is considered adequate. For lower re. 
sistance structures where the wire size becomes creat. 
er, the resolution will be less but considering that the 
total resistance varies inversely as the cube of the wire 
diameter it is seen that a wide range of resistance 
values can be accommodated and still keep the rego. 
lution factor within a reasonable 1%. 


Wiper Design 

Thus far we have designed the resistance structure 
for our potentiometer and all that remains to satisfy 
our definition is a suitable wiper for contacting the 
wire. Considering that our wiping radius is of the 
order of 0.080”, our choice of edge wiping over side 
wiping has been fortunate since we must provide 4 
wiper with sufficient flexure to avoid serious varia. 
tions in contact pressure as the shaft is rotated. The 
final choice in our example is a simple cantilever mak. 
ing maximum use of the 0.180” diameter available to 
us. Constructed of carefully dimensioned 0.007” semi- 
precious wire, the contact pressure is well controlled 
over the entire travel. To provide for an external con- 
nection the wiper proper is attached to a cylindrical 
piece having a split barrel which fits over a stud. This 
stud is mounted in the base of the potentiometer con. 
centric with the resistance element. With proper plating 
this type of wiper take-off has proved extremely relia- 
ble; in fact, in the hundreds of thousands of units 
built to this design, not one failure has been traced to 
faulty take-off. 

The cylindrical piece carrying the wiper also has an 
upper portion in the form of a flat disc which is ex- 
temely versatile. It serves as a comparatively large 
mounting surface for a stainless steel screwdriver 
shaft for trimmer potentiometer applications or as a 
seat for attaching a knob for control use, as in hear- 
ing-aid volume control applications. 

The basic design, shown in cross-section in Fig. 1. 
is used in the Minelco Model MS-1 series of trimmer 
potentiometers. Fig. 2 illustrates the microminiature 
series of Minelco Trimmer Potentiometers showing 
various available styles employing the same basic con- 
struction but differing in external mounting and con- 
necting lead specifications. 

Through diligent exercise of ingenuity and by apply: 
ing the many available improved materials to the 
parameters of modern circuits it is possible to greatly 
reduce the size of conventional components. As indi- 
cated in the example of the potentiometer, a significant 
size reduction with an actual increase in reliability is 
feasible. Blue-sky thinking is essential to establish those 
techniques in which we will be actively engaged some 
years hence, In the meantime, let’s buckle down and 
produce the highly reliable micro-miniature compo 
nents that are now practical. 
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TRANSISTORIZED 
D-855 
GAUSSMETER 


* Complete portability for use in field 
or lab 
* Reads flux fields up to 30,000 gauss 


* Can be equipped to read Earth’s 
field flux density 


* Probe is only .025” thick 


* Active area of probe .01 square 
inches 


* Fully transistorized 


y large § * Power Supply: selective from 105- 
wdriver 125 volt 50-60 cycle 


line or internal bat- 


or as a teries 
in hear: * Net weight: 8-3/4 Ibs. 


Fig. 1. 


* Overall size: 13-1/2” high, 8-3/4” 
wide, 7-1/4” deep 


rimmer Precision built, completely transis- 


torized, the new D-855 Gaussmeter ac- 


iniature § curately measures flux density and de- 
showing | t€!mines “flow” direction. Ideal for 


measuring and locating “stray fields’, 


SIC con- plotting variations in strength and 
nd con-§ Checking production lots against a 


standard. It’s simple to operate. The 
Dyna D-855 doesn’t require jerk or 


y apply- pull, gives no ballistic reading. Can 


be operated in the field with batteries 


to the which are enclosed in rugged protec- 


greatly 


As indi- 
nificant 
bility is 
sh those 
-d some 
wn and 
compe 


E CARD 


ESIGN 


tive carry case.. This is an improved 
version of the pioneering D-79 Gauss- 
meter (Pat. #2,707,769) which has 
modernized magnetic flux measurement 
for the past six (6) years. 











DYNA- EMPIRE Inc 


WAR 





GARDEN CITY, NY 
*loneer 1-2700 
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Chart Helps Packaging 
Fit Fragility Factor 


The basic problem in packaging is to insulate the 
item in a suitable cushioning material of the correct 
density and thickness so the shock transfer is kept be- 
low the fragility factor or breaking point of the article. 

The graph chart of dynamic tests on Blocksom rub- 
berized curled hair sheet stock is made to determine 
the approximate amount of cushioning material re- 
quired to protect each specific item. Knowing the 
fragility of the item, its weight, and bearing area, the 
engineer can choose the type and thickness of Block- 
som Paratex needed directly from the chart. 


| 
30° drop using 


determined in 
pendulum drop tester with accelerator on drop head 


G's, 


Shock transfer in 


Static load in pounds per square inch 


° 


DYNAMIC TESTS on Blocksom rubberized curled 
hair sheet stock plots shock transfer in 30" drop 
(Fragility Factor) against static load in lb/sq-in for 
each type of Blocksom stock. 


1. Calculate weight bearing surface of unit in square 
inches. Example: A unit 10” x 10” x 10” will 
have a weight bearing surface of 10” x 10” or 
100 sq-in. 

2. From weight of unit, calculate load in lb/sq-in. 
Example: Unit weighs 10 lbs. 


Weight in lbs 











Load = 
Bearing surface in sq-in. 
10 |b 
= : = 0.10 lbs/sq-in. 
100 sq-in. 


3. Use chart to select type and thickness of sheet 
stock needed to protect the packaged unit and 
keep the shock transfer below its fragility factor. 
Example: Fragility factor of item is 40 G in a 
30” drop. On chart read 0.10 lbs/sq-in load, read 
vertically to 40 G shock transfer, one may choose 
type IV 4” material at 33 G or type III 4” ma- 
terial at 34 G. Type IV 3” material shows 43 G 
which may be used if this “G” value will satisfy 
the fragility factor of the unit. (From 4-page 
folder on Blocksom Parametric Packaging, Block- 
som & Co., Michigan City, Ind.) 
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A PROBLEM OF 
UTMOST GRAVITY 























RAYTHEON-DESIGNED, HIGH VOLTAGE 
OC MAGNETRON POWER SUPPLY 


Weight, in one form or another, Seems to 
be a concern of most of us today. While 
astronauts contend with the problem of 
"none at all", designers of electronic 
components continually face the problem 
of "too much". 


An aircraft manufacturer recently called 

on Raytheon to design a 10,000-volt, 60-kva, 
400-cycle, filtered DC magnetron power 
supply for high-temperature airborne-radar 
application. Several designs were avail- 
able, but their weight <= more than 1,800 
pounds == put them in the lead balloon class. 


Our engineers, thoroughly experienced in 
the field of fluorochemical transformer 
design, were able to get the "lead" out, 
about 1,300 pounds of it, 
and to come up with a unit 
(shown above) weighing 
less than 500 pounds. 


Have any weighty problems? 
We'll be glad to lighten 
your load. 


Simply write to: 

Raytheon Company 

Magnetic Components Product Dept. 
Section 6120 

Waltham 54, Massachusetts 





| 











Excellence in Electronics 
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FIG. |. DIGITAL SERVO INDICATOR Model 243, 
combining the high accuracy of direct digital readout 
with permanent recording of transducer outputs, is 
new junior member in Gilmore family of high-accuracy 
force and weight measuring systems. 
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APPLIED WEIGHT POUNDS 


FIG. 2. WEIGHING SYSTEM ACCURACY of typical 
Gilmore Digital Indicating and Recording System 
(DIRS) is shown in Bureau of Standards Test expressing 
deviation from true weight as function of applied 
weight. Dotted line represents a deviation of +0.1%. 
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PRECISION 
POTENTIOMETER 


FIG. 3. HIGH ACCURACY Indicating and Recording 
System is built around self-balancing potentiometer of 
high accuracy. 


Tovar exacting demands for accuracy in the 
measurement of force, flow, weight, tempera- 
ture, etc., required in the Military and Space Programs 
are offering new challenges to systems manufacturers. 
In meeting these challenges, accuracies once obtained 
only under laboratory conditions are being realized in 
modern military and industrial instrumentation pro- 
grams. 

An example of this progress is seen in the current 
Gilmore Model 243 Digital Indicating and Recording 
System (DIRS), used to measure weight, thrust and 
other parameters of Jet Aircraft, Missiles and Space 
Vehicles (Fig. 1). This instrument provides the high 
resolution of a digital readout and at the same time, 
a permanent record in the form of a strip chart re- 
cording. Accuracies of better than 0.1% of reading 
are readily obtained, as illustrated by Fig. 2, a plot 
of an actual National Bureau of Standards test of a 
Gilmore Weighing System. In this figure the solid 
line is a plot of deviation from true reading as a func- 
tion of applied weight. The dotted lines represent a 
deviation of 0.1% of reading from full scale down to 
one tenth of full scale. 

The elements of a typical weighing system are 
represented in block form in Fig. 3. The primary ele- 
ment of this system is the self balancing potentiometer, 
a component long known and widely used for high ac- 
curacy applications. The signal output from the trans- 
ducer is compared with the voltage from a precision 
potentiometer. An error amplifier magnifies the dif- 
ference between these voltages and causes a balance 
motor to turn the potentiometer in a direction which 
reduces the difference voltage to zero. The resulting 
position of the potentiometer is then a measure of the 
input signal. By gearing a mechanical counter to the 
potentiometer wiper, its position can be “read out” 
with a high degree of resolution. 





N. CRUM, Asst. Chief Engineer, Gilmore Industries, Inc. 


Linearity Correction by Pot Tapping 

The load cell transducers generally are the limiting 
factor in the accuracy of such a system. One of the 
major causes of system inaccuracy is that the output- 
voltage-vs-load characteristics of the load cell is non- 
linear. A typical compression load cell voltage/load 
characteristic, with the degree of curvature greatly 
exaggerated to show detail, is shown in Fig. 4. 

The equation for this curve is: 





B+ 4A 4A 
a=s(=t*)- = S? (1) 


Where: C represents full scale load 

B represents the magnitude of cell output 
with full load applied. 

A represents the amount by which e, differs 
from a linear curve at one half of the full 
load. 

€. is output voltage and S is applied load. 

The expression may be generalized by assuming the 
load-cell exciting voltage to be unity. e, then will be 
expressed in volts output per applied volt (V./Vex). 
In addition, if S is expressed in percent of full load 
where full load is 100% or unity, the equation re- 
duces to the more usable form: 
e, = 8S (B+ 4A) — 4AS? (2) 

where S varies from 0 to 1 

Typical values for B and A are: 
B = 0.002 V./V.x, and A = 0.0015 

The error caused by this nonlinearity can be elimi- 
nated in many ways. One method involves the use of 
a tapped potentiometer winding in the instrument. 
The resultant instrument characteristic then compen- 
sates for load cell nonlinearity in linear segments cor- 
responding to the number of taps used. In this way, 
the overall system response can be made as close to 
linear as accuracy specifications require. 
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Linearity Correction Through Feedback 

In those systems involving more than one load cell 
transducer feeding a single indicator, the applied load 
is not always equally distributed between the trans- 
ducers. For this reason, it is not possible to provide a 
single instrument characteristic which will compensate 
for all combinations of non-equal loading, since an 
infinite number of overall nonlinear characteristics 
are involved. One method of overcoming this problem 
is the use of individual correction amplifiers for each 
transducer as shown in Fig. 5. In this application of 
positive feedback, the cell output voltage is sampled 
by the correction amplifier and fed back with a polar- 
ity which re-inforces the original excitation voltage. It 
can be shown that for a load cell having the type of 
non-linearity illustrated in Fig. 4, the overall char- 
acteristic of e, vs load obtained from the above circuit 
will be linear provided the amplifier gain, 8, is ad- 
justed in accordance with the following expression: 

0 aaesnire (3) 
B? + 4AB 
The output signals from different load cells each with 
such linearity correction can then be added without 
error due to non-uniform loading. 

Many additional factors must also be considered 
such as temperature effects, transducer hysteresis and 
repeatability, and long term stability. By careful se- 
lection of transducers and components it is possible 
to obtain individual units. Of course it is necessary 
for the systems manufacturer to have complete and 
highly accurate test facilities to accomplish either se- 
lection or correction. 

Returning to our example of a weight measuring 
system, before any corrective circuits can be designed, 
it is necessary to accurately assess the transducer char- 
acteristics. This requires a means of accurately apply- 
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FIG. 4. NON-LINEAR LOAD-CELL Voltage/load 
Characteristic is shown with degree of curve greatly 
exaggerated. Tapped potentiometer can correct for 
non-linearity of a single load cell. 
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FIG. 5. FEEDBACK METHOD of correction of non- 
linearity of individual load-cell transducers enables 
addition of outputs of several corrected load cells with 
high accuracy. 


ing known loads to the transducer and precisely meas- 
uring the resultant output voltages. At Gilmore In- 
dustries this is accomplished by means of dead weight 
and hydraulic pressure machines which are checked 
and calibrated against standards maintained at the 
National Bureau of Standards, Washington, D. C. 
Special applications of Gilmore precision measuring 
systems include the Field Calibration standard (Fig. 
6) built for the Atlas test program to ensure continued 


toe 










FIG. 6. FIELD CALIBRATION STANDARD for check- 


ing Gilmore thrust and weight measuring systems being 
used in Atlas program. 








FIG. 7. EDWARDS AIR FORCE BASE continuous 
thrust and weight measuring system eccommodates all 
existing and presently planned aircraft, using Gilmore 
instrumentation system. 


accuracy of all Gilmore weighing equipment. It aiso 
checks for weight absorption due to attachments be- 
tween missile and tower. Figure 7 shows the Gilmore 
static thrust and weight-loss instrumentation system, 
installed at the Edwards Air Force Base, which is de- 
signed for all existing and presently planned aircraft. 
The system accommodates sixteen 200,000-lb load cells 
for weight and eight 100,000-lb load cells for thrust, 
each to an accuracy of +0.1%. 
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FIG. |. EXCEPTIONAL SENSITIVITY and stability 
are features of new relay control amplifier adapt- 
able to "go, no-go" testing. 


RELAY CONTROL amplifier (Fig. 1) having 
A exceptionally high sensitivity and unusual stabil- 
ity has been announced by the Thermo Electric Co., 
Inc., of Saddle Brook, N. J. Designed for a wide range 
of monitoring and control applications, its value as a 
component in ultra-critical “go, no-go” testing and 
applications and as a laboratory instrument which will 
maintain its characteristics despite the presence of 
variations in power supply voltage, electrical interfer- 
ence and high external input resistance, will be ap- 
parent to design engineers. 


Principle of Operation 


The Model 70298 Amplifier (Fig. 2) accepts low- 
level dc signal changes as low as one microvolt, am- 
plifying them with a power gain of 135 db to actuate 
a master relay which in turn controls signal lights or 
actuates external controls of any desired type. 

The de input signal is first filtered to remove any ac 
noise components and then converted to a square wave 
by means of a chopper type converter. This ac signal 
will either be in phase with the ac reference voltage or 
180° out of phase with that voltage, depending on the 
polarity of the input signal. This signal is next ampli- 
fied in four stages of stable voltage amplification and 
applied to the grids of the phase discriminator and 
power amplifier tube. 

When the voltage amplified signal on the grid of this 
tube is in phase with the reference voltage on its plate, 
the power amplifier tube conducts an actuating signal 
to the coil of the master relay. When the signal is 
out of phase the tube does not conduct and the relay 
is de-energized. With this arrangement, the master 
relay is energized and “on” with a certain polarity 
of input signal but de-energized and “off” with the 
opposite polarity. 
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FIG. 2. D-C INPUT SIGNAL CHANGES of one microvolt actuate control 
devices and indicating lights in highly reliable operation. 
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SENSITIVITY ( MICROVOLTS) 


FIG. 3. INPUT RESISTANCE variation; 
from 0 to 10,000 ohms have no effect on 
sensitivity of amplifier. 


Relay Control Amplifier Features 


Operational Features 

The sensitivity of the amplifier is illustrated by its 
ability to respond to a change in signal voltage of only 
1 microvolt, to energize and de-energize its master 
relay. The stability of the circuit is +1 pv, which 
greatly increases the usefulness of the extreme sensi- 
tivity which it exhibits. 

The circuit is “fail-safe”, in that the master relay 
is de-energized if the input circuit is “open” or if any 
critical amplifier component should fail. However, 
because the amplifier components are selected for in- 
dividual dependability and long life and are used con- 
servatively, the natural reliability of the circuit is high. 
Inspection and testing of the components is rigid and 
the final testing of amplifier performance is under 
typical operating conditions, according to the manu- 
facturer. 

The unit employs standard commercially available 
tubes which are stabilized by the Thermo Electric qual- 
ity control process. Ruggedized industrial or Military 
Approved tubes are available when required. The am- 
plifier has been designed to perform in applications 
requirjng equipment of MIL-Spec quality and exceeds 
requirements set forth by the American Standards As- 


sociation when used as a component of null balance 
instruments. 

Operational tests have shown the ability of the am. 
plifier to maintain its operating characteristics even 
under adverse operating conditions. The effect of high 
external input resistance and of extreme variations in 
power supply voltage are shown in Figs. 3 and 4. 


Because input signals are effectively filtered, electro- 
magnetic and electrostatic interference effects on pick- 
up transducer circuits are minimized. Internal noise is 
reduced to a negligible level by negative feedback be- 
tween stages. Response time of the amplifier is rela- 
tively fast (0.3 sec max) yet sufficient delay is pro- 
vided to avoid the ill effects of transient signals of less 
than 80 msec duration, either from variations in input 
signal or from other interference (Fig. 5). 


The master relay is equipped with three sets of 
SPDT contacts. One set, rated at 6 amperes, provides 
for on-off type process control or for actuation of a 
slaved power relay. A second set actuates the two 
signal lights which indicate the condition of the con- 
trol relay as energized or de-energized. The third set, 
rated at 14 ampere, may be used for special purposes, 
such as the “flicker circuit” feature. 
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SENSITIVITY (MICROVOLTS) 
FIG. 4. POWER VOLTAGE VARIATIONS 


over a wide range do not affect sensitivity 
of amplifier. 


SPEED OF RESPONSE (SECONDS) 
FIG. 5. RESPONSE SPEED of Amplifier. ° 
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FIG. 7. ACCEPTANCE BAND TEST identifies tested value as being within, 
below, or above an acceptable range on one side of standard value. Indicator 
lights ‘flicker’ when error signal is within the predetermined bias band which 
may be as narrow as | microvolt. 


Sensitivity and Stability 


The “flicker circuit” can be arranged where it is 
desired to indicate the presence of, or the magnitude 
of, an error signal from an input circuit within a pre- 
determined band as narrow as | microvolt. Its action 
is described more completely in connection with the 
acceptance band test application below. 


Applications 

A principal application for the new amplifier is 
seen in a straightforward “on-off” voltage monitoring 
or process control system, either single or multi-point. 
The only requirement for its application is that the 
quantity to be monitored be convertible to a represen- 
tative de signal by a suitable sensing device or trans- 
ducer. 

In the application shown in Fig. 6 the sensing de- 
vice senses the condition of the measurand and gen- 
erates a representative command signal which is bal- 
anced in the measuring circuit against a calibrated set 
point value. The resulting error signal is fed into 
the relay control amplifier which amplifies it to an ac 
signal with sufficient strength and proper polarity to 
energize or de-energize the master relay. The master 
relay, in turn, provides on-off control of the control 
element to bring the measurand toward the setpoint 
value. The signal lights will indicate this process condi- 
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tion, the red and green lights indicating when the 
measurand value is above or below the set point value, 
respectively. 

A somewhat more sophisticated application which 
provides indication that the measurand is within a 
predetermined range of values is shown in Figure 7. 
Here signals from successive units or stations to be 
tested are selected and compared in turn against the 
standard. If applied to a Checkout Testing situation, 
various standard voltage values could also be pro- 
grammed. The comparison can be made either by the 
voltage or current balance method. The resulting 
error is mixed with the bias signal. If the error is 
greater than the bias signal, the prevailing error sig- 
nal, after voltage amplification and polarity discrimi- 
nation, actuates the master relay so that the green 
light remains on, indicating a test condition wherein 
the test signal is below the standard signal by an 
amount greater than the present limit band. If the 
test signal is above the standard signal by a like 
amount, the red light stays on. 

When the error signal, entering the bias circuit, is 
smaller than the bias signal, a “flicker” signal results. 
The “flicker” signal assumes alternately the values of 
the error signal and the biased, or mixed, error signal. 
The bias signal, being the properly polarized limit 


band signal of the bias source, is mixed with the error 
signal in an alternate fashion due to the bias interrupt- 
ing action of the master relay. The “flicker” signal 
passing through the amplifier energizes and de-ener- 
gizes the master relay in rapid succession, causing the 
test lights to flicker. The flickering lights indicate a 
condition where the value of the unit being tested 
does not deviate above or below the standard by an 
amount greater than the pre-calibrated limit set by 
the bias source. 


This type of application is particularly suited for 
rapid and accurate “go no-go” checkout systems, or 
in quality control inspection of components. If a con- 
tinuously adjustable calibrated out-put of bias source 
is provided, the control system (Fig. 7) can be used 
to measure the amount of deviation of any test unit 
from the standard with an extremely high degree of 
accuracy. No skilled operator or high-precision meas- 
uring instruments are required by this method. Ulti- 
mate accuracy of the control is inherent with the: ac- 
curacy of the standard used, since the deviation band 
limit can be narrowed down to an extremely small 
part of the standard value. Consequently, accuracy of 
the calibrated output of the bias source is relatively 
non-critical. 
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Eight new subminiature tubes, fruit of a combined 
research and development study by Tung-Sol Electric, 
Inc., as a member of the Military Reliable Tube 
Program of the Office of the Assistant Secretary of De- 
fense for Research and Engineering, have been recent- 
ly announced. The new tubes are all 6.3 volt heater 
versions in T-3 envelopes. Three of the new types, 























which also bear the “reliable” designation, utilize the 
in-line pinch press glass base (see Fig.) , while the other 
types use 8-pin miniature bases. All have long leads. 

All the tubes can be directly soldered or welded to 
other circuit components, and so lend themselves to 
incorporation into subminiature modules or printed 
circuit unit boards for quick replacement in line with 
current philosophy in rapid checkout and ground sup- 
port procedures. 

Subminiature tubes, particularly those constructed 
im accordance with specifications developed in the 
Military Reliable Tube Program, are capable of with- 
standing severe environmental conditions, normally 
thought to preclude the use of vacuum tubes. 

Tung-Sol’s activity in the ruggedized subminiature 
tube program is meeting an urgent need for miniature, 
light-weight and sturdy amplifying components, par- 
ticularly in the higher radio frequencies and at tem- 
peratures which cannot be met by transistors in their 
present state of development. 


Rugged Subminiature Tubes Receive Military-Preferred Designations 


The new rugged subminiature type 5702WA and 
5702WB are progressively ruggedized versions of the 
5702 which is a 400 mc sharp cut-of pentode with 
electrical characteristics similar to the 6AK5. The 
5702WB is capable of withstanding increased vibra- 


tion over a wide range of frequencies. 


Characteristics of the new series, all of which appear 
on the current MIL-STD-200D list, are briefly shown 
in the table. Technical data sheets are available from 
the manufacturer, Tung-Sol Electric, Inc., One Sum. 
mer Ave., Newark 4, N. J. 
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NEW TUNG-SOL MILITARY-PREFERRED RUGGED SUBMINIATURE TUBES 







































































Max. Plate Typical Operation and 
Description Filament | Rating Characteristics 
Plat | be 
| Dissipation Plate Grid oan Trans- AMP 
Type Volts | Amps Volts (Watts) volts volts (Ma) __|conductance| _ factor 
Sharp cut-off 
5702WA pentode 6.3 0.200 200* 1.1 120 Cathode 7.5 5000 — 
(Improved 5702) bias 
Sharp cut-off 
7502WB Pentode 6.3 0.200 200* 1.1 120 do 7.5 5000 — 
(impr. 5702WA) 
500mc Med. Mu 
5703WA Triode 
(Impr. 5703) 6.3 0.200 257 1.3 250 do 4.2 4000 70.0 
500mc Med. Mu 
5718 Triode 6.3 0.150 165 1.0 100 do 8.5 5800 27.0 
High Mu 
5719 Triode 6.3 0.150 165 0.3 100 do 0.73 1700 70.0 
Medium Mu 
6lil Twin Triode 6.3 0.300 165 1.0 100 do 8.5 5000 20.0 
Sharp Cut-off 
Pentode Cathode 
6205 (Similar to 5840 6.3 0.150 165 1.1 100 Bias 7.5 5000 oe 
except External 
Grid #3 Connection) 
400 mc 6.3 0.300 460 — 165 — 10 (I. — — 
5896 Double Diode (piv) each plate) 
| poak 
| each plate) 








* Design Maximum 























Micro-Modular Package Density is 


Approached in New Ceramic Capacitor 


eigen the component design standards of 
today and tomorrow’s ultimate in micro-modular 
miniaturization there exists a large gap. One of the 
newest bridges in this gap is the “VK” Capacitor 
series being introduced at WESCON by Vitramon, 
Incorporated, of Bridgeport, Conn. 

These tiny units, the smallest of which measure 0.2 
inches in its longest dimension with a capacity of 
1000 ppf, achieve a package density of 432,000 parts 
per cubic foot. This figure compares favorably with 
densities of the most advanced micro-modular pack- 


ages, whose densities range from 50,000 to 600,000 


FIG. |. MI- 

CRO capaci- 
tor, 1000 ppf, 
200v size. 


FIG. 2. "DF" 
improves with 
temperature 
rise. 


parts per cubic foot, depending upon the complexity 
of the assemblies involved. 

While there is no question of designing 432,000 
separate capacitors into a cubic foot of circuitry, the 
significance of board space needs no underscoring for 
design engineers forced daily to solve tomorrow’s 
problems in terms of today’s technology. 


Printed Circuit—Miniature Transistors 
Determine Optimum Dimensions 


For example, it is no problem to produce a radial 
lead component with an inter-lead dimension of 0.1 




















inch. The limiting factor here is not the design of the 
component itself, but the printed circuit board whose 
minimum standard lead spacing is 0.2 inch. 

Again, the lateral space occupied by the silvered 
circumference of board insert holes is 0.1 inch, while 
the vertical dimension for most practical purposes is 
limited to the height of the miniaturized transistor— 
about 14 of an inch. 

Relating these three dimensions, we find we have 
a usable space measuring 0.2 inches long by 0.1 inch 
wide by something under 0.25 inches high. This space 
represents the optimum available today for transistor- 
associated components. 

While there is every reason to avoid exceeding this 
space, whenever possible, there is no reason for not 
filling it—save, of course, for the special case, which 
is its own justification. In fact, gratuitous miniaturiza- 
tion usually imposes the sacrifice of physical or elec- 
trical properties and, except where weight is an over- 
riding consideration, is wasteful. 

Having these considerations firmly in mind, the 
Vitramon, engineers built the “VK” Capacitor series 
around the concept of a precision molded case whose 
square configuration offers the optimum in capacitance 
per unit volume. 


The 47 to 1000 pyf supplied by the VK20’s 
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OROSENE 
999° 


24K ACID BRIGHT 
GOLD 


an entirely new gold complex . . . produces 
mirror bright, hard electroplates in rack 
or barrel plating . . . it produces a bright, 
hard 24 Karat (99.8%) gold plate... the 
4 ONLY 24 Karat bright gold... OROSENE 
999 24K gold electroplates are twice as hard 
and equally as ductile as ordinary 24K 
plates... contains NO silver, sulphur com- 


2 pounds or antimony ... has exceptional 
1 tarnish and sulphide resistance . . . barrel 
> solutions have the best throwing power and 


leveling of ANY gold for barrel plating... 
has only ONE addition agent . . . self-reg- 
ulating and simple to control . . . solves many 
problems where ordinary bright, hard or 
24K golds have failed. 

Write, wire, phone or TWX for further details. 
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0.2 x 0.2 x 0.1 inch precision molded case (Fig. 1) 
affords the most efficient expression of capacitance-to- 
space available today in a general purpose capacitor. 
The unit will cover most cross-coupling applications 
in computer circuits. This molded case, as opposed 
to the dipped cases common to other units of compar- 
able size, required the elaboration of special equip- 
ment and techniques before it was possible to produce. 
But the advantages of its square shape and precise 
uniformity in compacting a multiplicity of units, as 
in computer packages, justified the extra effort. Ca- 
pacities from 1200 to 10,000 yyf are supplied by the 
VK30 whose case is 0.3” square by 0.1” wide. 


New Ceramic Formulation Solves 
Reliability Bogey 


With the problems of case size, designs and produc- 
tion solved, one other major obstacle remained to dog 
the Vitramon product engineers: Reliability. The 
Achilles heel of the conventional ceramic capacitor 
has been its susceptibility to peripheral short circuit- 
ing across the electrodes under surge voltages. 

Creation of a ceramic formula possessing increased 
dielectric strength coupled with major improvements 
in electrode stacking eliminated this fault, permitting 
a voltage rating of 200 v dc throughout its entire tem- 
perature range. Dielectric strength is guaranteed to 
withstand a potential of 800 v dc applied for 10 sec- 
onds at 25°C. In fact, each “VK” Capacitor sold is 
hipotted at 1000 v dc before shipment; a safety factor 
which assures the reliability of this parameter. 

Other notable features are said to include high 
temperature operation without voltage derating from 
—55°C to 150°C. Insulation resistance is of the order 
of 10,000 ohmfarads (10!* ohms) at 25°C and 35 
ohmfarads (10'° ohms) at 150°C. According to 
Vitramon engineers, insulation resistance as related to 
capacitors, is a function of capacitance. Ohmfarads 
is defined as “resistance-times-capacitance.” The re- 
sistance values given in the parentheses are roughly 
the order of resistance for a 1000 puf unit. 

Capacitance change with temperature through the 
entire range is typically +10% with a maximum ex- 
cursion of +15%. 

Another interesting property of this dielectric is the 
improvement in its Dissipation Factor generated by 
increases in temperature. DF, as measured at 1 kc, 
diminishes from less than 2.5% at 25°C to less than 
15% at 150° (Fig. 2). 

According to Vitramon, Incorporated engineers. 
thousand-hour life tests at 150°C and 200% of rated 
voltage have not only failed to disclose evidence of 
dielectric degradation, but actually indicate a poss'- 
ble improvement in DF when re-measured at 25°C. 
This suggests that this extraordinary dielectric not 
only improves with increases in temperature, but also 
with time. The latter relationship however, must 
await the completion of more elaborate tests and 


analyses for confirmation. 
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FOR RADAR ENGINEERS 


General Electric Inductrol* regulators 
accurately control current to 
transmitter tube focus coils 


Power input to transmitter tube focus 
coils on radar systems must be very 
closély regulated to assure proper op- 
eration of the tubes. The circuit below 
illustrates a typical application with a 
General Electric Inductrol voltage 
regulator accurately controlling the 
input to the focus coils. 














} Alternate 
Sensing sensing 
element element 
Focus coil 
load 
hee ne gg al 


In low-voltage power supply cir- 
cuits the Inductrol regulator functions 
to control voltage. In focus coil appli- 
cations, however, the Inductrol regu- 
lator is now called upon to precisely 
control the d-c current. 

Here again, the ability of an induc- 
tion voltage regulator to perform this 
regulation function can best be shown 
by the following example: 

Maintain constant d-c current at 
any level within range of 9.5 amps 
to 6.3 amps. Corresponding d-c volt- 
age levels for these current limits are 
as follows: @ 9.5 amps DC— 200 
volts DC; @ 6.3 amps DC—98 volts 
DC; max. load—1.9 kw. Regulator 
must withstand 25 times normal cur- 
rent (for 2 sec.) and introduce no 
harmful waveform distortion. 

Input line supply: three-phase, 60 
cycles, 208Y volts, with + 10% volt- 
age variation. 

Rectifier: full wave, three-phase, 
silicon rectifier bridge, with system 
regulation of approximately 8%. 


TO COMPENSATE FOR SYSTEM REGU- 
LATION, the regulator must be capable 
of delivering a maximum of 200 xX 
1.08=216 volts DC. 

Using the proper conversion factors 
for a three-phase, bridge rectifier cir- 
cuit, the corresponding d-c current 


and voltage values for the d-c counter- 
parts will be as follows: 
Voltage: 216 x .74=160 volts AC 
line to line 
98 X .74=72.5 volts AC 
line to line 
Current: 9.5 xX .82=7.8 amps AC 
line 
The range of regulation the Induc- 
trol regulator must introduce into the 
circuit results in a requirement of 
plus and minus approximately 40% 
voltage range from the mid-point level 
of the output voltage range required. 
This considers input line variations 
and system regulation. Since the range 
of voltage output of the regulator 
(72.5 to 160 volts AC) is below the 
input voltage of 208 volts, a unique 
design technique in winding construc- 
tion must be used for best economy. 
The sketch shows the basic regulator 
schematic circuit. 


94v 
208v 


| | 7T2v 
t10% | — to >tIi% 


J 160v 








Further calculation will show that 
the regulator rating required to meet 
this focus coil requirement will be ap- 
proximately 


44 volts X 7.8 amps X/3_ 
7000 = 0.6 kva 


With this unique winding arrange- 
ment for these very special loads, it 
becomes possible to perform the de- 
sired voltage regulation without need 
for a separate stage of voltage trans- 
formation. In addition the Inductrol 
regulator will withstand 25 times nor- 
mal current and does not introduce 
harmful waveform distortion. 

For more information, write Section 
425-22, General Electric Co., Sche- 
nectady 5, N.Y. ’ 





*Registered trademark of General Electric Co. for Induction Voltage Regulator. 
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FIG. |. CONDUCTIVE PLASTIC POTENTIOM- 
ETERS in 7/8'' and | 5/16" sizes are in current 
production by the New England Instrument Co. 
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FIG. 2. BASIC RESISTIVE element of the conduc- 
tive plastic potentiometer is a conductive filler 
molded in thermosetting insulating plastic. Terminal 
contacts are also molded in place. 


FIG. 3. MECHANICAL SIMPLICITY, rugged bear- 
ings and ease of hermetic sealing lead to long life 
and reliability in service. 
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Conductive Plastic Potentiometers 


HE POTENTIOMETER has been a basic com- 
f yenbe. of electronics circuits ever since the be- 
ginnings of early radio. Today the potentiometer is 
fundamental to electronics systems of every type. 
The rapid evolution in electronics and electrome- 
chanical control systems has intensified the require- 
ments for precision and reliability placed on poten- 
tiometers, resulting in a search by manufacturers for 
new techniques and materials to fill this need. 

The Conductive Plastic Potentiometer, manufac- 
tured by the New England Instrument Company, 320 
Main St., Woonsocket, R. I., (Fig. 1) is a new type 
of potentiometer ideally suited to the present engineer- 
ing trends toward miniaturization, high reliability and 
precision. The New England Instrument Co. also 
manufactures wire wound precision potentiometers 
of conventional design. 


Simple Construction Gives High Reliability 

The basic resistive element in the conductive plastic 
potentiometer is a conductive filler molded in thermo- 
setting insulating plastic (Fig. 2). The insulating ma- 
terial, frequently called the base plate, the conductive 
track and silver leads to the terminals are all molded 
in one operation into a practically indestructible pre- 
cision element. Failures resulting from wire break- 
age, as in the wirewound potentiometer; or rupture 
and discontinuities, as in the film type, cannot occur 
in the conductive plastic potentiometer. Also, the 
conductive plastic element is completely free from 
varnishes and cements which are a frequent cause of 
trouble in conventional potentiometers. Simplicity 
characterizes the construction of the conductive plastic 
potentiometer making hermetic sealing simple and 
leading to reliability in service. 


Electrical Characteristics 


Because both the conductive plastic and conven- 
tional wirewound types of potentiometer are produced 
by the New England Instrument Company, a direct 
comparison based on test records and field reports 


has been possible, and is presented in Table I. Also, 
it should be noted that the high contact resistance of 
the conductive plastic does not allow the resistance to 
approach zero as measured between the wiper and one 
end of the element. In effect, a series resistance is con- 
nected to the wiper which limits the minimum re- 
sistance obtainable as the wiper arm is rotated over 
the terminal. This characteristic will appear as a large 
band of noise if high currents are drawn through the 
wiper. 

Other salient characteristics of the conductive plastic 
potentiometer follow: 

Total Resistance. For high resistance elements, the 
conductive plastic is said to be without a peer. A 
standard 7%” diameter potentiometer is available in 
resistances under 100 ohms to several megohms. 
Megohm values in 7%” dia wirewound would be defi- 
nitely unreliable since the wire size would be so fine 
as to be subject to breakage from the stresses set up 
by ordinary ambient temperature variations. 

Total Resistance Tolerance. Standard tolerance is 
+10% with tolerances of +5% or less available on 
special order at a small additional cost. 

Linearity. Conductive plastic as molded provides 
linearities of +0.5% or better. Trimming of the con- 
ductive track is utilized to give linearities of +0.05% 
or better. 

Resolution is virtually infinite and is limited only 
by the test equipment used. 

Temperature Coefficient of conductive plastic is 
—300 to —400 ppm/°C. 

Power, The New England Instrument Co.’s 1-5/16” 
dia potentiometer is rated at 2 watts at 25°C derating 
to zero watts at 125°C. High temperature units which 
will operate up to 150°C are available on special 
order. 

Noise in conductive plastic is a result of variation 
of contact resistance and can result ‘from micro-non- 
linearities in the conductive track and to greatly lesser 
degree from shock or vibration applied to the wiper. 

If the conductive plastic pot is tested in a noise 
circuit described in NAS-710 for wire-wound units, 
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TABLE |. COMPARISON OF THE IMPORTANT CHARACTERISTICS OF 
WIRE WOUND VS. CONDUCTIVE PLASTIC PRECISION POTENTIOMETERS 


















































TYPE RESISTANCE NOISE LIFE LINEARITY RESOLUTION ROTATIONAL TEMPERATURE RESISTANCE POWER TORQUE MECHANICAL 
RANGE SPEED COEFFICIENT TOLERANCE RATINGS FEATURE 
Wire 50 ohms to Initially low at Limited by noise, |The initial Resolutien is An average Can be adjusted |Canbesupplied (A I'/4," die potis |With special care | Mechanical and 
Wound 100,000 ohms room temperature | resolution, de- linearity of limited by the ractical limit by choosing wire |down to +1%. normally rated at |in bearing design | electrical dis- 
are practical high at low tem- | terioration and a conventional physical deo is from 60 rpm alloy. Practical Usual value is about 2 watt at and very low continuity at 
limits. perature. In- increased line- he dia pot. of the wire to 100 rpm Spe- _| range is from from +3% to room temperature | wiper forces, the | bridge section 
creases by factor arity tolerance. is usually and the pot cial designs 20 to 60 ppm/°C 3 +5%. derated to 0 at torque can be as [can cause wire 
of I'/, to 2 or A practical better than housing dia. have been manu- 125°C, low as 0.05 oz-in. | failure. The 
more with rotation. | limit for rota- +0.3%. A practical factured to op- Coefficient of probability of a 
tional life is limit for a 74" erate as high as friction for wire- | single turn of wire 
between '/2 to | dia unit is 000 rpm. wound units is failing in opera- 
million revolu- 0.05. In order normally 0.2 to tion is high. 
tions with 50% to do this, 0.25. 
deterioration the wire must 
in noise and be considerably 
linearity. under | mil in 
diameter z ae 
Conductive hms to 10 (See Text) Rotational The 7% con- Infinit Only limited b At present only Usual value standar "* | With the same Continuous smooth 
Plastic ee with When tested in life tests ductive plas- bearing design. 300 to 400 ppm/°C | +10%. Can be dia unit is rated at | care in bearing lass-like surface 
upper limit pot circuit have been con- tic pot as Conductive plas- ts can be of- made to +1%. on |about the same [design and much [for 360°. Torroidal 
extending into similar to ducted to 100 molded meas- tic pets have ‘ered. New ma- special order. value as above. [higher wiper force, | elements are 
hundreds of actual operat- million revolu- ures between been rotated at terials under This is a con- the torque could _| easily fabricated. 
megohms. ing conditions tions with no and speeds exceeding |development offer servative rating be lowered to 0.05 
(low wiper cur- perceptable 0: in rpm. much lower tem- because the ma- oz-in. Coefficient 
rent) noise is in change in line- linearity. perature co- terial itself will of friction for 
the order of 20 arity due to It is pos- efficients operate ata the conductive 
or 30 mv. Ele- the infinite resolu- | sible to temp. above + is about 
ment not effected | tion character- mechanically 175°C. New sili- 12 
by storage life istics. The total trim the con materials 
nor low tempera- | resistance will track for show promise of 
ture operation increase from 5%, | better line- working at 700°F. 
to 7% arities. 








contact resistance will appear as a high residual noise 
level. When tested in a circuit similiar to actual op- 
erating conditions (low wiper current) noise is in the 
order of 20 to 30 millivolts. This noise usually de- 
creases (Fig. 4) with life from 1 to 50 million revolu- 
tions followed by a slight increase at 100 million revo- 


lutions. 


Torque of only 0.5 oz-in is sufficient to provide 
initial rotary motion of the shaft, due to the highly 





polished smooth conductive track. 

Life in excess of 50 million revolutions has had no 
measurable effect on linearity and noise while total 
resistance change is about 5% (Fig. 5). 

Because of its inherent long life and high reliability 
engineers are turning to the conductive plastic poten- 
tiometer as a device which can replace whole segments 
of complex circuitry. It can be molded into non-linear 
and rectilinear devices which combine low operating 


FIG. 4. CONTACT VARIATION NOISE as a function of rotational life, shows typical 


minimum at about | million revolutions, slight increase to 100 million revolutions. 
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REVOLUTIONS (MILLIONS) 








torque with high reliability, excellent conformity and 
infinite resolution, giving the advantages of dc oper- 
ation while minimizing the space, time and cost of us- 
ing conventional potentiometers or reactive elements. 
Although limited at present in some applications by 
high temperature coefficients, high minimum resist- 
ance values and noise when high wiper currents are 
drawn, continued research promises to extend the 
areas in which its use will be optimal. 
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FIG. 5. TOTAL RESISTANCE CHANGE as function of life, at 50 million revolutions 
shows increases from | to 5% in total resistance. 
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Unitized Clutch Modules - 


A New Servo System 


Technology Instrument Corporation of California 


ODAY’S requirements for complex, miniaturized 
ne systems have created a need for servo 
components which are reliable, small and versatile. 
As the functions of control systems have expanded, 
systems designers have required that special assem- 
blies be “.corporated into their systems to perform 
these functions. The manufacture of these assemblies 
has been expensive. The result has been a “bread- 
board” type of mechanical assembly resulting in poor 
reliability. These factors occur because of: (1) the 
need for special components which have to be custom 
made, (2) the use of standard components which do 
not quite fit the requirements, but are catalog items, 
and (3) the need for additional mechanical parts to 
couple these components into a working assembly. 
The designer finds that reliability is related to system 
complexity, such that: 


(SYSTEM COMPLEXITY)" = ADDED PROBLEMS, 
where 1 <a < 


The objective is to keep “n” as close to “1” as possi- 
ble. Unitized clutch modules developed by the Tech- 
nology Instrument Corporation of California which 
will be demonstrated at the 1959 WESCON Show, are 
means to this end. 

What are unitized clutch modules? They are elec- 
tro-mechanical devices which are packaged into a 
servo component configuration as shown in Figure 1. 
These devices perform the following functions singular- 
ly, or in any combinations: They connect shafts to- 
gether; they brake position transducers; they serve as 
position transducers; they null position transducers; 
and they provide switching on the basis of position. 
Typical components which provide these functions 
are magnetic clutches, magnetic clutch brakes, preci- 
sion potentiometers or synchros, commutator switches 
and spring returns. These components are now avail- 
able designed and assembled into unitized clutch 
modules. 


Typical Control Systems Applications 


Two problems which are typical of those occuring 
in control system design, will each be proposed for 
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solution by two methods to illustrate the use of the 
unitized modular approach. First, conventional solu- 
tions will be posed. Admittedly, these solutions are 
not the best. They could be improved by detailed 
searches for particular components to fit the applica- 
tion. Manufacturers of similar standard components 
could be contacted to determine whether modifications 
could be made to their product to make it fit the appli- 
cation. Time could be spent in the design, test and 
manufacture of some of the components. All these 
factors impose delays and usually require more money 
than originally anticipated. To avoid this, in the 
problems—as in actual experience, standard catalog 
parts will be used wherever possible within a mini- 
mum of modification. 

The second solution in each case will be made using 
standard unitized clutch modules, composed of basical- 
ly the same components as used in the conventional 
solutions. The figures illustrating each problem are 
drawn to the same scale to show the relative size of 
the completed assembly for each of the two compared 
solutions: 


Design Problem No. 1 


The first problem specifies that a correction volt- 
age be manualiy introduced into the system. At some 
later time this correction voltage is to be removed by 
a command signal. 

Here two conventional solutions may be considered: 
First, a panel mounted potentiometer is provided with 
a hand-operated dial. The potentiometer’s rear shaft 
extension drives a cam-operated switch and an in- 
tegral gear-and-slip clutch. A motor, which returns 
the potentiometer to the null position when energized, 
drives the gear. The cam-operated switch de-energizes 
the motor when the nutl position is reached. 

The second conventional approach is more sophisti- 
cated in that it eliminates the motor from the assem- 
bly. The potentiometer is mounted in a panel with 
a spring return between the dial and the potentiometer. 
The potentiometer has a rear shaft extension which is 
connected to a magnetic brake. The input dial is 
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turned with sufficient torque to overcome the brake 
and spring return torque. When the magnetic brake 
is released by the application of a null command sig- 
nal, the spring return returns the potentiometer to the 
null position. Adapters or gears are required to 
couple the potentiometer and brake together and a 
spring return must be designed for the assembly. 
However, the magnetic brake—spring return approach 
is less complex than the motor driven assembly. 
(Fig 2). 

The unitized clutch module solution to Problem 1 
occupies only one-third the space of the conventional 
solution (Fig. 3). A single unitized component (Fig. 
4) combines spring return, magnetic brake, poten- 
tiometer and associated hardware, eliminating the 
multiplicity of parts required in the conventional 
design. 


Design Problem No. 2 

The second problem requires that a readout poten- 
tiometer-transducer and switch be connected to a 
servo gear train when energized by an external com- 
mand signal. The transducer and switch is to be ac- 
curately returned to a specified null position when the 
command signal is removed. A memory potentiometer 
must be disengaged from the readout potentiometer 
and locked by an external command signal (Fig. 5). 

From the same considerations as in Problem 1, a 
spring return approach is decided on to supply the 
return function. For a conventional solution, a mag- 
netic clutch is connected into the servomechanism’s 
gear train. Its output shaft is connected to the readout 
potentiometer shaft with 1:1 gearing. As before, the 
potentiometer shaft drives a spring return but in this 
application, the return is to an intermediate position 
such as the fifty percent point instead of to zero posi- 
tion. The switching function is accomplished by add- 
ing a cam and a switch on the readout potentiometer 
shaft. A commutator switch could also be used. The 
readout potentiometer is also coupled to the input 
shaft of a magnetic clutch brake. The output shaft of 
this clutch-brake, braked when de-energized, drives 
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the memory potentiometer. 

The clutches and potentiometers are available as 
catalog items but they must have gears pinned to their 
shafts. The spring return must be designed, built and 
coupled to the potentiometer. This assortment of 
parts: Two magnetic clutches, two potentiometers, a 
cam and a switch, are assembled in the conventional 
configuration shown in Fig. 6. 

The solution of Problem 2 using ome unitized 
clutch module package is shown im Fig. 7. Here a 
single cylindrical device, 0.875” dia by 3.875 long, 
only one-fifth the size of the conventional solution, 
performs the functions. It includes a clutch, spring 
return, output potentiometer, commutator, clutch- 
brake and memory potentiometer. 

In addition to economy of space utilization, other 
savings are evident. For example, the number of pur- 
chased parts is reduced by one-fourth, also savings in 
design, assembly and inspection costs are realized by 
the use of the unitized clutch module in this problem. 


(Table I). 


TABLE |. COMPARISON OF COSTS: 
UNITIZED CLUTCH MODULES vs 
CONVENTIONAL SOLUTIONS 
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Unitized Clutch 
Features Available in Modules 


Many systems requirements are satisfied by the 
great variety and characteristics available in Unitized 
Clutch Modules including brakes, clutches and clutch- 
brakes; a slip-clutch feature may be incorporated to 
allow high input torques without damaging the me- 
chanical stops in the potentiometer, commutator or 
spring return modules. The braking feature insures 
that the potentiometer or commutator module will 
maintain its position when the clutch-brake is de- 
energized although subjected to shock or vibration. 

The spring-return modules are designed to fit the 
shaft fully clockwise, fully counterclockwise or to any 
intermediate position. They will operate over any 
angle less than 360°. 

Commutator switch modules are available in any 
required switching pattern, and with either make- 
before-break or break-before-make contacts. Step 
functions may be generated by connecting these 
modules to voltage divider networks. 

Position information may be obtained from syn- 
chros, microsyns or potentiometers. Single turn and 
multi-turn potentiometers are available as modules, 
with many electrical and mechanical variations to meet 
system requirements. Non-linear functions are avail- 
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FIG. 7. PROBLEM 2, solved by 
using Unitized Clutch Modules, 
takes one-fifth the space, one- 
fourth the number of purchased 
parts used by the conventional so- 
lution. TIC unit is shown below. 
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able for simulation of empirical or functional data. 
A 10-turn multiturn potentiometer is available with a 
linearity within +0.02%. 

The foregoing brief descriptions indicate some of 
the variations obtainable in Unitized Clutch Modules. 
Table II gives general specifications for each of the 
modules, which will suggest to the systems designer 
unitized solutions to many of his own problems. 


TABLE Ii. UNITIZED CLUTCH MODULE 
SPECIFICATIONS 
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SINGLE TURN |. Resistance Range: 502 to 35K 
POTENTIOMETER 2. Linearity: +0.5% Standard 
MODULE 2 +0.2% Special 
3. Power Rating: 2 Watts at 80°C derated to 
0 at 150°C 
4, Taps Up to 7 taps per section may 
be located at any point on 
winding to within +0.3% 
opens or +1° mechan- 
ical. 
5. Electrical Rotation 340° + 3° standard. 
Nonlinear functions or higher total resistance values 
are available 
MULTI-TURN 1. Resistance Range IK to 150K 
POTENTIOMETER 2. Linearity +.05% Standard 
MODULE = 2+.02% Special 
3. Power Rating 4 Watts at 85°C 
4. Taps Up to 40 taps may be located 
to within +.05% electrical 
or +1° mechanical 
5. Electrical Rotation 3600° + |° 
6. Mechanical 3600° + 10° — 9° 
Rotation 


MAGNETIC I. 
CLUTCH 


Voltage 28 + 2 volts D.C. Standard 
MODULE 42, 60, 100 volts D. C. Special 
2. Clutch Response 
Time 5-7 milliseconds 
3. Running Torque 
(Energized 0.5 oz-in 
4. Torque Trans- 
mission 10 oz-in (min) 
5. Braking Torque 
(Optional) 5 o2-in (min) 
6. Slip Clutch Torque 
(Optional) 5-7 oz-in 
SPRING RETURN I. Mechanical 
MODULE Rotation 340-345° Standard 
2. Operating Torque At least '/2 oz-in greater than 
the driven components start- 
ing torque 
3. Return Time | second (max) 
4. Accuracy of Null 
Return +49 (max), +0.1° (Special) 
COMMUTATOR 1. Current Through 
SWITCH the Sliding 
MODULES Contact 200 ma (max) 


Clutch Actuation 


2. Noise Level on 


Metallic Sections 502 ENR (max) 


. Maximum Number 


of Electrical 
Separate Sections 9% 
Gap between 
Separate Sections !° (min) 


5. Available as Make- 


before-break or 
Break-before- 
make 


Increased Reliability Is Prime Advantage 


From the standpoint of reliability, better resistance 
to moisture, salt-spray, sand and dust is obtained from 
enclosed configurations made possible by the unitized 
modules. Reduction in the number of parts also in- 
creases the reliability of the subsystem. The use of 
components which have been specifically designed to 
operate in conjunction with each other often eliminates 


features which degrade reliability. 
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Briefly, advantages of the unitized clutch module 
concept over conventional servo system techniques can 
be summed up as providing: 1) Improved reliability, 
2) smaller space requirements, 3) cost reduction and 
4) increased component versatility. 
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NOMOGRAPH FOR DETERMINING FRICTION TORQUE 
{DEEP GROOVE RADIAL BALL-BEARINGS) 


Nomograph Calculates 





Ball-Bearing Frictional Torque 


DAVID A. TREFFS, Engineer, General Electric Co. 


Dr. Styri of SKF, from his measurements of ball- 
bearing losses, has developed the following equation 
for friction torque: 

(1) Tp = 0.0264 w (D, + Dz)? + 3.24x 10-° P* 
where Ty is friction torque in pound-inches, 
w_ is bearing width in inches, 
D, is bearing bore in inches, 
D. is bearing outside-diameter in inches, and 
P is equivalent total load in pounds 


The accompanying “Nomograph for Determining 
Friction Torque” is based on Dr. Styri’s equation. It 
is assumed that the deep-grooved ball-bearings are in 
light lubrication, e.g., an oil mist. Find the equivalent 
total load by using equation (2) or (3), whichever 
is greater. 
(2) P 
(3) P 


0.37 Pr + 2.0 Pr 
Pr 


| 


where Px is radial load in pounds, and 
Py is thrust load in pounds. 


Example: 

A 0.25-inch o.d. shaft is available for carrying a 
rotor weighing 45 pounds. Find the friction torque 
caused by the bearing. 

From manufacturers’ catalogs, it is determined that 
a number R4A ball-bearing is rated at 50 pounds. 
The sum of the bore and the outer diameter is 0.25 
and 0.75 or 1.00 inches. The width is 0.22 inches, 
Using equation (3) to find an equivalent total load of 
45 pounds, a friction torque of 0.25 ounce-inches is 
indicated by the nomograph. 

Note. Mr. Treffs is employed in the Advanced Engineering 
Physics Division of General Electric’s Light Military Elec- 
tronics Dept., Advanced Electronics Center, Ithaca, N. Y. The 


nomograph is applicable to ball-bearings of any manufacture, 
according to the author. 





Military Immersion No Hazard 
The APW14 and WPW}% miniature “water-tight” 


potentiometers (Fig. 1) regularly pass the stringent 
requirements of MIL-E-5272A, section 4.12.1 (Im- 
mersion Tests), to qualify for applications in missiles, 
super-sonic aircraft and other military systems where 
dry operation at usual atmospheric pressures cannot 
be taken for granted. The provisions of this section are 





FIG. 1. IMMERSION TESTS under partial vacuum 
or boiling water are successfully weathered by both 
the bushing-mounted and servo-mounted new !/,"" 
Waters potentiometers. Standard pots are rated 
to maximum full power at 60°C, derated to zero at 
125°C. High Temperature types are rated to full 
power at 85°C, derated to zero at 150°C. 
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to Miniature Potentiometer 


impressive: “Procedure 1—The equipment shall be 
immersed in a suitable liquid, such as water. The ab- 
solute pressure of the air above the liquid shall then 
be reduced to approximately one inch of mercury and 
maintained for 1 minute (or until air bubbles sub- 
stantially cease to be given off by the liquid, which 
ever is the longer). The absolute pressure shall then 
be increased to 24%” of mercury. Any bubbles com- 
ing from within the equipment case shall be considered 
as leakage—A helium leak detector or other means of 
test, equal or superior in sensitivity to the immersion 
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FIG. 2. BUSHING MOUNTING TYPE APWI/, 
potegtiometer dimensions. *Maximum body length 
depends on total length: 27/64" to 21 k; 37/64", 
21 k to 101 k; 11/16", 101 k to 250 k. 


test method described above, may be used upon ap- 
proval by the procuring agency.” 

Another dramatic test is immersion in boiling water, 
where the combined effects of high temperature and 
entrapped gas pressure fail to impair the sealing of 
these 14” diameter miniature potentiometers, prod- 
ucts of Waters Manufacturing, Inc., Wayland, Mass. 

Rugged construction—using a stainless steel shaft, 
solid brass case with double “O” ring shaft seals, and 
a glass-to-metal terminal board which is solder-sealed 
to the case—accounts for the water-tight integrity of 
the little units. High temperature materials enable them 
to withstand a high maximum rating of 4 watts at 60°C 
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FIG. 3. SERVO MOUNTING TYPE WPWI/, po- 
tentiometer dimensions. *Maximum body length de- 
pends on total resistance: 19/32" to 21 k; 3/4", 
21 k to 101 k; 55/64", 101 k to 250 k. 
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ambient, derating to zero load at 125°C for the stand- 
ard units. Special high temperature units are also 
qailable with full power rated at 85°C derating to 
yro at 150°C. Operational ratings as required by 
MIL-R-19A are set at 50% of the maximum rating. 

Other electrical specifications met by the miniature 
potentiometers are an equivalent noise resistance of 
140 ohms maximum, dielectric strength of 900 v (rms) 
for 1 minute, and a temperature coefficient of wire for 
ynits over 50 ohms of +0.00002/°C. 

The bushing mounting Model APW1% (Fig. 2) is 
available with or without mechanical rotation stops, 
special winding angles, resistance values to 250K ohms 
and special linearity tolerances. Standard linearity is 
+3%. It can also be supplied with optional split 
bushings and with various shaft lengths and con- 
figurations, normally available only in the Waters type 
AP14. Body lengths vary with total resistance ranges 
as shown. 

The servo type WPW14, equipped with servo face is 
furnished in a standard linearity of +1%. The half- 
inch diameter in standard with the length of the 
body ranging from 19/32” for units under 21K ohms, 
to 55/64” for units in the 101K to 250K range (Fig. 
3). Weights of all units are approximately 14 oz. 
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Ultrahigh-Resolution CRT Line 
for Advanced Systems 


New systems applications in strip radar, photo re- 
connaissance, visual indication, photo reproduction, 
information transfer, closed circuit TV and remote 
data pickup are seen as developments which may be 
made possible by a line of twelve new ultrahigh resolu- 





tion cathode-ray tubes announced by the Supervisor 
of Research & Development, CBS-Hytron, Kent St., 
Newburyport, Mass. The new tubes are said to be as 
tugged and dependable as standard cathode-ray tubes, 
and can be supplied with interchangeable yoke, focus 
coil and video driver stage to provide the maximum 
resolution of which they are capable. 

The new line provides a choice of four resolution 
levels up to 2000 lines per inch; three screen sizes; 
and screen phosphors P5, Pll and P16 to give a 
choice of blue or near-ultraviolet color and short or 
very-short persistence characteristics. Bulletin E-333 
is available on request. 
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. Compact, plug-in design of the NLS V-35 
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This chart shows the significant resolution error that 
results in other five-digit meters as compared to the 
NLS V-35 with the factual fifth figure. 4 
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The All-Transistorized NLS V-35 


Here for the first time is a true five-digit voltmeter with a factual 
fifth figure. Increased accuracy of full five-digit resolution — 
0.001% — results from the new mathematically perfect logic of 
the NLS V-35. 


Other five-digit digital voltmeters require “desensitizing” to 
prevent oscillation of the least significant digit. This results in 
a resolution error of three to nine digits in the upper portions 
of each range as graphically displayed in the chart to the left. 
This comparison clearly shows the increased accuracy of the 
NLS V-35, made possible by full five-digit resolution. 


In new logic... in all-transistorized circuitry, including logic 
... in new simplified design with plug-in circuit boards, plug-in 
oil-bathed stepping switches, and snap-in readout . . . the NLS 
V-35 leads its field. Write today for complete information. 


NLS V-35 Specifications 


Measures Voltage from +0.0001 to +999.99, Ratio from 
+.00001 to +.99999 ... 10 Megohm Input Impedance . . . 0.01% 
Accuracy .. . Automatic Selection of Range and Polarity .. . 
And Measures Three Times Faster Than Any Other Stepping 
Switch Instrument. 


Originators of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (San Diego), California 


NLS — The Digital Voltmeter That Works... And Works. . . And Works! 


WESCON Booth No. 1416 
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Umbilical Connectors for Guided Missiles 


Umbilical Connectors described (in catalog) are 
representative of our current manufacture. Representa- 
tive, because each connector is usually designed for a 
specific missile; and current, because there is a con- 
stant state of flux in their development, due to new 
and better materials and to the demands of new en- 
vironmental extremes. 

The state of flux can be illustrated by: In 1903 the 
longest of four flights was 59 seconds, the speed was 
30 mph. Fifty-five years later, intercontinental missiles 
travel at speeds in excess of 10,000 mph. 

Along with this geometric progression Cannon Elec- 
tric Co., has been constantly designing new electrical 
connectors. In the early thirties the first aircraft elec- 
trical connectors were adapted from a Cannon plug 
used in the motion picture industry, and from that day 
since, there has been a constant development of con- 
nectors for the new environments of aircraft and 
rocket flight. 

We have accepted this rapid state of change. Our re- 
search and design groups, production engineering 
groups and production facilities are all geared to the 
quick adaptation of new requirements and scientific 
breakthroughs. 


EXPLOSIVE SHEAR Release 


Connector Action at Launching. 











EXPLOSION 
AREA 





RELEASE. Current through the arming connector 
detonates the squib. The explosive force drives 
the piston to shear the pin and separate the plug 
and receptacle. 








Umbilical Connectors 


Umbilical connectors is the term used to describe 
the connectors which serve to keep the electrical cir- 
cuits operating up until the time of launching. These 
are the circuits that connect the equipment within the 
missile to the control instruments at the launching 
site. At launching (or birth) these connectors sever 
the circuits (or cord) and the missile is airborne. 

The four basic release mechanisms used are the 
explosive shear release, (See Figures), shear type re- 
lease, ball and detent release and the all purpose re- 
lease. 

(From 46-page catalog, “Guided Missile Umbilical 
Connectors,” Cannon Electrical Co., 3208 Humboldt 
St., Los Angeles 31, Calif.) 
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ENGAGED. Connector is mated by turning a hand- 
wheel at rear of plug assembly. An arming plug is 
then connected to the explosion squib assembly. 
Receptacle is mounted to missile which is launched 
from a platform or rail. 





RECEPTACLE PLUG ASSEMBLY 


ASSEMBLY 


























SHAFT ST 











DISENGAGED. Receptacle is rigidly mounted, plua 
is cord mounted. The engaging stud is attached to 
the shaft by a shear pin. 
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Pressure Transducer Exempii. 
fies Classic Principles 
of Good Design 


Simplicity and Balance are seldom so well achieved 
as in a new pressure transducer just announced by the 
Components Division, Fairchild Controls Corporatioy 
of Hicksville, N. Y. These elemental virtues of good 
design, said to be highly important in attaining rej. 
ability, are at once apparent from an inspection of , 
working drawing of the new transducer designated 
TPH-175, (Fig. 1) and intended for the measuremen 
of gage or absolute pressures in severe environmental 
applications, including missiles. 
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FIG. 1. SYMMETRICAL support and elimination of 
allbearings characterize new pressure transducer 
design. 


The designers, realizing from long experience in the 
design of pressure transducers that pivots and bear. 
ings afford possible trouble-spots, eliminated all bear- 
ings and pivots in the new pressure element. Also the 
effect of vibration and shock on pressure readings has 
been minimized by the balanced construction which 
sets two identical bourdon tubes opposing each other 
to actuate the potentiometer wiper arm. 

Study of Fig. 1 shows that the instrument movement, 
including the bourdon tubes, is supported at only one 
point, the intake pressure manifold. Branching sym- 
metrically from the manifold, the bourdon tubes tend 
to separate when under pressure, their ends moving 
in the directions indicated by the two upper arrows. 
The two flat springs, joined at their left ends by 4 
yoke, also try to move in separate directions, which 
applies a restraining couple to the yoke and spring 
system. 

Because the wiper arm is rigidly attached to the 
yoke, the arm moves to the right along the potentiom- 
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TRIMPOT 


subminiature 
potentiometers 
in hundreds 
of variations 
available 
from stock! 








military and commercial units 


WITH THESE TERMINALS 
OOF 


Insulated stranded leads 


— 


Solder lugs 


Printed circuit pins 


=SJ0 o} 


Bare wires 


IN THESE TYPES 


High temperature 


A) 





High resistance 
Humidity-proof Panel mounted 
OTT meleneelent Subminiature size 


plus many other: 


WITH THESE RESISTANCE 
ELEMENTS 


i's largest sele 
tuated potent 
le from leading 


| 
ent : 

ng shaft for sta 

mall 12 to 17 units 

in a square inch of 

ce! Specify Trimpot manu 
red only by Bourns. Write for ne 

nure and list of distributors 
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Laboratories, Inc 
P.O. Box 2112E 

Riverside, California 


tants: Riverside, Califor 


and Ames, lowa 





*Trademark 
Exclusive manufacturers of TRIMPOT® & 


TRIMIT ®. Pioneers in potentiometer transdu- 
cers for position, pressure and acceleration. 
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eter winding as shown by the direction of the lower 
arrow. The necessary wiper-arm contact on the po- 
tentiometer winding thus becomes the only possible 
source of friction in the system. 

The effect of the balanced construction in minimiz- 
ing the effect of shock and vibration is also apparent. 
If a sudden mechanical shock in the plane of the 
bourdon tube to either the right or left is delivered 
against the side of the transducer case, both free ends 
of the bourdon tubes will tend to move in the same 
direction. This will produce no couple in the coupling 
yoke, but tend to move it in a small arc around the 
system support, which is located very close to the 
point of contact between the wiper arm and the poten- 
tiometer winding. This minimizes any effect of vibra- 
tion and shock on the wiper contact. 

A round mandrel, uniformily wound, is normally 
used for linear windings. Another instance of simplic- 
ity in design is seen in the use of a flat card for non- 
linear potentiometer windings. If the card is contoured 





FIG. 2. MODEL THP-175 PRESSURE TRANSDUCER 
gives exceptionally high performance undere severe 
environmental conditions. 


into an irregular shape, non-linear resistance charac- 
teristics can be tailored as desired. Wire-wound po- 
tentiometers can be furnished, covering a range from 
500 to 50,000 ohms to a rating of 2 watts at 40°C. 

Other characteristics of the new transducer (Fig. 
2) which measures only 1.75” diameter, are: Overall 
accuracy including linearity, friction and hysteresis 
is + 2% with resolution as low as 0.25% and re- 
peatability of 0.5% or better. Operating temperatures 
extend from —55° to 100°C with no permanent dam- 
age resulting from short duration excursions as low 
as —62° or as high as 150°C. Vibrations in the 10 
to 55 cps range of 0.060” double amplitude, and in the 
55 to 500 cps range of 10 G produce less than 1% 
error, 25 G shocks and accelerations in each of three 
mutually perpendicular axes produce no permanent 
damage and overpressures up to 100% of range are 
said to result in negligible calibration shift. Non-linear 
outputs to meet empirical functions are available with 
conformity values less than 1%, with tolerance de- 
pending upon function slope ratios. 
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120 CFM 


STATIC PRESSURE 
INCH WATER COLUMN 








Pat. Pend. 





25 50 (ee) 
AIR VOLUME CFM 


PROPIMAX 2° 


Air delivery of 120 cfm is obtained from a fan only 

3” in diameter by 1.4” in depth and weighing only 642 
ounces. The Propimax 2 is the perfect answer for 400-cps 
airborne or missile applications where maximum cooling 
with a minimum of space and weight loss is mandatory. 


Variation in driving motors includes constant speed 
21,000-rpm, 11,500-rpm and Altivar® versions. The latter 
automatically vary their speeds directly with altitude 
and thereby approach constant cooling with a minimum 
of power drain and noise. 


Simplicity of mounting is achieved by provision of “servo” 
type rims at either end of venturi. Airflow is reversible 

by turning fan end-for-end. Electrical connections made 

to compact terminal block. Power requirement is 400 cps, 
1 or 3 phase, sinusoidal or square wave. 


Write for complete technical information... 


e*eeneeeweenseeeeeeeeeaeeeeeeeeeaeeseeeeaeeee 


ROTRON = 


WOODSTOCK «+ NEW YORK 
In Canada: The Hoover Co., Ltd., Hamilton, Ont. 
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ROTARY niti:crain SWITCHES 


Max. 
dia. 2” 


mounts 
in 42” hole 





FOR 
ELECTRIC 
CIRCUITS: 


Type JL rotary switch is a 
low-power switch with an elec- 
trical rating of 5 amperes, 125 
volts a-c. A maximum of eight 
positions — up to ten sections 
— are controlled by a single 
knob. This type’ permits un- 
limited rotation in both direc- 
tions but can be limited to any 
number up‘to eight positions 
by two stor screws. It is de- 
signed for single-hole panel 
mounting. Meets MIL-S- 
21604 and BuShips Drawing 
Number 9000-S6202-74422. 
Write for free Bulletin 101-A 
containing comprehensive data. 








ACTUAL 
SIZE 





FOR 
ELECTRONIC 
CIRCUITS: 


Type MA-12 is a minia- 
ture rotary switch with an elec- 
trical rating of 3 amperes, 115 
volts a-c. A maximum of six 
contact positions — up to five 
sections — are controlled by a 
single knob mounted on a 4” 
shaft. Rotation can be un- 
limited in both directions but 
can be limited from two to 
twelve positions by two stop 
screws. This type rotary switch 
mounts in %4” square, single- 
hole panel mounting. Designed 
to meet MIL-S-3786. 


AT See us at Booth Number 3522 at the WESCON 
WESCON 


show, August 18 - 21, 1959 in San Francisco. 
We exhibit a broad line of our rotary switches, 


demonstrate their usefulness and applications, 


and show some typical samples of “SPECIAL 
SWITCHES”. 


| =a ot o Rr Ae A Fest aa, | 


ELECTRO SWITCH CORPORATION 


iow Ae o@lalem Oa-saleror 


Weymouth 88, Massachusetts 
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Alloy-Diffusion Speeds 
Transistor Manufacture 


A new alloy-diffusion process which combines the 
techniques of two earlier manufacturing methods is 
being used by Amperex to produce economically the 
germanium Type OC170 transistor with a high cut-off 
frequency of 70 mc and high gain. It is designed for 
use in the VHF band as a mixer-oscillator, and as an 
RF and IF amplifier for FM receivers. 

The alloy-diffusion process was developed to over- 
come drawbacks in the earlier two processes. In the 
alloy process, the collector and emitter elements are 
fused to the base. To prevent collector and emitter 
elements from flowing through the base material and 
shorting the transistor, the base was necessarily thick, 
resulting in relatively long transit times and limiting 
the frequency response to below 20 mc. 


base connection 


recrystallized 
layer (N type) layer (P type) 
po —t ‘iin 


ohmic contact Z P type germanium . layer (N type) oottepter tab 


FIG. 1. ALLOY-Diffusion technique. 


FIG. 2. LOW COST—high frequency transistor. 


emitter connection 
recrystallized 
























In the diffusion process the base is formed on the 
collector by gaseous diffusion in a high temperature 
oven. Although very thin bases are produced, making 
high frequencies possible, attachment of the emitter 
junction and base leads become a critical problem, re- 
sulting in high fabrication costs and high rejection 
rates. ? 

In the Amperex-developed alloy-diffusion process, 
the transistor is built up on a piece of p-type german- 
ium (Fig. 1). Two small metal pellets are placed on 
the germanium. Pellet B, the base pellet, contains only 
an n-type impurity. Pellet E, the emitter pellet, con- 
tains both a p-type and an n-type impurity. 

When this assembly is heated at a certain tempera- 
ture, the germanium dissolves into the metal pellets 
until saturation is reached, and the pellet impurities 
diffuse into the solid germanium. This is accomplished 
unequally, however, with the n-type impurities forming 
a diffused n-type layer under both pellets while the 
p-type impurity does not penetrate into the germanium 
to any practical extent. When the assembly cools, a 
layer of germanium with many p-type atoms recrystal- 
lizes under pellet E while the layer under pellet B is 
exclusively n-type. Connections are made directly to 
the germanium and the pellets, the original p-type 
germanium acting as the collector, pellet B as the base 
and pellet E the emitter of a p-n-p transistor. 

Because the base layer is only a few microns thick 
the transit time is very short and high cut-off frequen- 
cies are possible. Because reliable connections are 
readily made and critical elements of the process read- 





¢ pa [Sturtevant co. 
S ADDISON [QUALITY/ ILLINOIS , 


TOTAL TEMPERATURE PROBES 
,  PITOT-STATIC TUBES 


= = 
= MODEL 850 = 








MODEL 103 === 


ILLUSTRATED MODELs 


MODEL 850 Meets 
= Mach 3 requirements 
of MIL-P-25757A 

(USAF), 


MODEL 103 Mach5 
total temperature 
probe can be used 

to temperatures 
of 1500 C°, 


MODEL 101C Mach3 
total temperature 
probe. Meets 
requirements of 
MIL-P-25726A 
(USAF), 

MODEL 102D Mach3 
Deiced total 
temperature probe, 
Accurately measures 
total temperature 
during deicing. 


Write for New Catalog 
No. 115811 for description 
of 50 different REC 

Probes for liquid, gas 

and surface measurement, 


ROSEMOUNT 
ENGINEERING 
COMPANY 


4912 West 78th St. 
Minneapolis 24, Minn. 
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"TEMPERATURE, 


- OR OTHER 
ENVIRONMENTAL CONDITIONS 


Here is a new super high temperature 
thermal switch designed for extremely 
high temperature applications where 
very high, close temperature 
calibration is required with repeated 
operations. And, its rugged, compact 
construction provides high resistance 
to vibration. 


Providing a fast, accurate response 
under extreme service conditions, 

this new design switch has a 
temperature range for continuous 
operation from as low as minus 20°F 
to as high as 1750°F with safe 
momentary overshoots to 2200°F. It is 
constructed of special stainless 

steel alloys with single or two wire 
leads, and has a resistive rating 

of 1% amperes at 28 volts D.C. This 
lightweight (it weighs only two ounces) 
switch is available with contacts 
normally open or normally closed. 


Investigate this CPI super high 
temperature switch — applicable to 
such uses as jet engines, 

gas turbines, rocket motors, 

after burner control — in fact, 
anywhere that high temperature 
control is a problem. 


New catalog gives engineering data. 
Ask for Catalog MS. 


When temperatures are high (or low), 
specify CPI. 


Caitiol products, inc. 


HARRISON, N. 3. 
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ily controlled the rejection rate is low, which makes a 
low price possible. Collector-to-base capacitance is 
said to be only 1.8 puf and the feedback base resistance 
measured at 3 mc only 40 ohms. The hermetically- 
sealed miniature transistor is shown in Fig. 2. 

Two other Amperex transistors will also be manu- 
factured by the new alloy-diffusion process; the 
OC171, used as a local oscillator and preamplifier in 
FM receivers, and the OC169, used for lower frequency 
applications. Detailed specifications for all three tran- 
sistors are available on request from the Special Pur- 
pose Tube and Transistor Division, Amperex Corpo- 
ration, 230 Duffy Ave., Hicksville, L. I., N. Y. 

FOR THIS LITERATURE CIRCLE 89 ON READER-SERVICE CARD 


AC-Pots Simplify Checkout 


The checkout system for the automatic flight con- 
trol system of the B-58 supersonic bomber uses a num- 
ber of Vernistat ac potentiometers to provide an ac- 
curate source of test voltages in simulating certain 
control signals and commands. The brain of the flight 
control system is designed to think ahead of the pilot. 
Since the B-58 flies at speeds to Mach-2, this ability is 
not exactly a luxury. 


CHECKOUT CART for Flight Control System 
B-58 Bomber. Test panel No. | provides test 
voltages and commands for bank altitude, pitch 
attitude, yaw, etc. Panel No. 2 simulates safe gyro 
and alana signals representing roll, pitch 
yaw rate, and normal and lateral acceleration. 
Computer Signal Command Panel No. 3 provides 
test signal to gross-weight Computer. 


The Vernistat ac potentiometers were selected for 
use in the automatic checkout system by its developer, 
the Eclipse-Pioneer Divison of the Bendix Aviation 
Corp., because of their high reliability and combina- 
tion of low output impedance (low as 45 ohms), high 
resolution (to 0.004%), low phase shift, and high 
linearity (to 0.01%). 

The Vernistats are geared to counters to provide 
voltages that can be accurately set to the required 
values. Low phase shift from input to output is main- 
tained by the Vernistat design which eliminates the 
need for a costly isolation amplifier. Verni- 
stat ac potentiometers, adjustable nonlinear potentiom- 
eters, and variable ratio transformers are developments 
of the Vernistat Div., Perkin-Elmer Corp., of Norwalk, 
Conn. 


FOR MORE INFORMATION CIRCLE 90 ON READER-SERVICE CARD 





areé.you spending 


$4 00 


for a one cent job ? 


If you're duplicating drawing details, you're 
squandering precious hours of costly drafting 
time. STANPAT, the unique tri-acetate that is 
pre-printed with your standard and repetitive 
blueprint items, cuts time involved from 3 
hours to 15 seconds! Figured at currént pay 
rates, this means a $12! job at less than one 
cent... the STANPAT way. Easily transferred 
to your tracings by an adhesive back or 
front, STANPAT relieves your engineer of 
time-consuming and tedious details, freeing 
him to concentrate on more creative work. 


here’s how simple the 
STANPAT method is! 








PEEL 


the STANPAT 
from its backing. 





PLACE 


the STANPAT into 
position on the 
tracing. 


into position... 
will not wrinkle 
or come off, 








STANPAT is available in two types of 
adhesive backs: 


@ Rubber base for standard drafting and 
tracing papers 


® Resin base to prevent leaching for papers 

that contain oils . 

But whatever the one may be, there's a 
STANPAT product for your specific needs. Stan- 
pat has a guaranteed shelf life of one year from 
date appearing on tab end. For further in- 
formation and technical assistance, complete 





the coupon below and mail. 


STANPAT CO. Whitestone 57,N.Y.,U.S.A 


Phone: Flushing 9-1693-1611 


Please quote on enclosed samples. 


Kindly send me STANPAT literature and 
samples. Dept. 
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UNIQUE DESIGN ROTARY SWITCH— 
5-SECOND WAFER REPLACEMENT 


No Unsoldering or Disassembling ... No Wire Removing... | 
Simply Lift out Any Wafer & Replace Instantly... | 
Highly Reliable—Presently Supplied for Military Applications 


Reduces to seconds maintenance which otherwise could 
take a full day or more, saving valuable time. New design 
obsoletes old switches. 

Switches are available in sizes approx. 2” x 2”, 3” x 3” and 
4” x 4” with lengths to accommodate up to 36 wafers. Virtu- 
ally unlimited choice of switch circuit configurations. All 
connections are to a single bank of receptacles and are con- 
veniently accessible from one side of the aluminum housing. 
Contacts are silver, gold or rhodium plated on a copper base. 
Wafers can be made to include printed circuitry and com- 
ponents in addition to their normal switching function. 

‘Switches may be manually, motor or solenoid operated for 
use in any rotary selector switch application. Manufactured 
under Tabet U. S. Patent No. 2,841,660. Other U. S. and 
foreign patents pending. Write for details today. 


CHICAGO DYNAMIC INDUSTRIES, INC. 


PRECISION PRODUCTS DIVISION 


1725 Diversey Blvd., Chicago Lt, Hlinois 
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ALLIED’S NEW 


Subminiature 
TOGGLE SWITCHES 


These new subminiature switches are 
designed for printed circuit applications 
and suitable for use in ground, aircraft 
and missile equipment. 








ACTUAL 
SIZE 


SPECIFICATIONS: 


Contact Ratings: Low level up to 
5 amps. res. at 29 volts d-c or 
115 volts a-c 
Handle: Dielectric Strength: 1000 volts 
Ball Type Toggle rms at sea level. 500 volts rms at 
Bushing: 65,000 feet 
Ys-40 Threaded Life: 10,000 make and break 
Body: cycles minimum, at rated load 
Single Pole Vibration: 5-28 cps at .5 inch 
500 x .250 x .320 double amplitude. 28-2000 cps at 
Double Pole 20g 
500 x .500 x .320 Shock: 50 g operational, 100 g 
Terminals: mechanical 
Gold Flashed Ambient Temperature: —55°C 
to +85°C 
Terminals: Solder lug type 





WRITE FOR BULLETIN TG 


Q ALLIED CONTROL 


MINIATURE SWITCH DIVISION OF 


ALLIED CONTROL COMPANY, INC., 
2 East End Avenue, New York 21, N.Y. 
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ey products 


Ground Support Checkout 
Systems 


AN/USM-88 CIRCUIT ANALYZER 


Model 144 DIT-MCO Circuit An- 
alyzer, meeting all requirements of 
MIL-T-945A, has been assigned AN 
designator. Tests 144 complex cir- 
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cuits for “go, no-go” defects at rate 
of 10 circuits per second, yet matrix 
chart gives instant location of, and 
remedial action for any defect noted. 
Functionally tests relays, solenoids, 
actuators and other resistive devices; 
is shockproof, waterproof, and port- 
able..—DIT-MCO, Inc., Electronics 
Div., 911 Broadway, Kansas City 5, 
Mo. 
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COMPACT DIGITAL CIRCUITS 


New line of digital logic circuitry 
comprises “AND”, “OR” gates, in- 
verters and emitter followers, all cir- 
cuits available with either single or 
dual circuits in each plug-in package 

ed 


j 








(Dual NPN “AND” gate is shown). 
Units are in three types, NPN, PNP 
and complementary symmetry units; 
and also in diminutive cartridge form 
for airborne or missile applications.— 
The Walkirt Company, 141 West 
Hazel St., Inglewood 3, Calif. 
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RELAY CONTROL AMPLIFIER 


Model 70290 Relay Control Ampli- 
fier features high sensitivity and re- 
liability in “go, no-go” test circuits, 
also indicates presence of signal in 





“acceptable bias” band as narrow as 
1 wv. Highly stable circuit is unaf- 
fected by wide line voltage fluctua- 
tions, interference.—Thermo Electric 
Co., Inc., Saddle Brook, N. J. 
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NEW SYNCHRO SPECIFICATION 


Model MST-5SSA Test Set, for 
making acceptance tests specified in 
new MIL-S-20708A, performs electri- 
cal error tests by the proportional- 





voltage gradient method, measured 
with a phase-sensitive voltmeter. Also 
measures fundamental null, total null, 
and electrical zero of CX, CT, and 
CDX.—Theta Instrument Corp., 48 
Pine St., East Paterson, N. J. 
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SEMICONDUCTORIZED CIRCUIT 
MODULES 


“Circuit-Paks” include basic com- 
ponents interconnected to provide 
bridge rectifiers, phase comparators, 
diode switches, amplifiers and flip- 





Final 
light-weight and free from atmos- 
pheric effects and assembly errors.— 
Semiconductor Div., Raytheon Com- 


flops. assemply is_ reliable, 


pany, 215 First Ave., Needham 
Heights 94, Mass. 
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LAUNCHING PAD INTERCOM 


Ruggedized intercom master gt, 
tions designed to meet extreme enyj. 
ronmental conditions at missile laung) 
integral 


pads feature blast proof 





speakers and power amplifier to per. 
mit paging under high noise condi. 
tions. Transistorized dual units pro. 
vide two separate channels in each 
station, with capacity for 10 master 
stations per channel.—Remler Con. 
pany, 2101 Bryant St., San Fran. 
cisco 10, Calif. 
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TRANSPONDER TESTER 


New ATC Transponder Ramp Test- 
er offering optional umbilical or radi- 
ation test methods evaluates the inter- 









® 


v 
“~ 
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Ws, 
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rogator-response characteristics of 
the ATC Radar Beacon System used 
in military and commercial aircraft. 
—Parkard Bell Electronics Corp, 
Technical Products Div., 12333 W. 
Olympic Blvd., Los Angeles 64, Calif. 
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OPERATIONAL AMPLIFIER 


Model K2-WJ plug-in dec _ opera- 
tional amplifier designed for high 
reliability military applications uses 
two JAN type 5751 tubes, and open 
frame construction permitting best 





ventilation and higher ambient ten- 
peratures than commercial versiol. 
De open loop gain is 15,000, while at 
500 ke open loop gain is greater that 
2. Max design output is + 50v at! 
ma.—Philbrick Researches, Inc., 285 
Columbus Ave., Boston 16, Mass. 
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FM RECORD AMPLIFIER 


Airborne magnetic tape recording 
amplifier Type 1-151 meeting mili- 
tary specs for high-speed, high alti- 
tude flight uses plug-in center fre- 
quency unit to provide for recording 
at tape speeds from 1% to 60 ips. 


Deviation on all frequencies is + 40% 
with peak to peak sensitivity of 1-10 
volts. Comprises de amplifier, volt- 
age-controlled oscillator and record- 
head driver circuit, using miniature 
tubes throughout.—Consolidated 
Electrodynamics Corp., 860 Sierra 
Madre Villa, Pasadena, Calif. 
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DIGITAL SERVO INDICATOR 


New Model 243 indicator with syn- 
chronized 3” chart drive provides both 
permanent recording of transducer 
outputs and high accuracy, digital 





readout. Digital readout avoids errors 
of parallax and interpretation that 
can occur with dials and pointers; 
permanent recording chart allows 
later analysis of test trends.—Gilmore 
Industries, Inc., 18015 Woodland Ave., 
Cleveland 20, Ohio. 
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AIRCRAFT BATTERY CHARGER 


New Battery Tester and Charger, 
Type BC24-25T, accomplishes a pro- 
grammed test-charge sequence to 
eliminate the possibility of installing 





defective batteries in aircraft, yet is 
completely automatic, eliminating the 
need for trained operators.—Christie 
Electric Corp., 3410 W. 67th St., Los 
Angeles 43, Calif. 
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Rs 


Until recently, one of the most exas- 
perating bottlenecks in industry was 
the time it took to get engineering 
drawings copied. 

Lineups before reproduction win- 
dows were not only common, but 
chronic. The time of highly skilled 

. and highly paid . . . personnel 
was lost. 

Now, a spectacular breakthrough 





REPRODUCTION DEPT | 






No More Costly Waiting like this for Engineering Prints 
... Install automatic XEROGRAPHY I! 


in the art of reproducing engineering 
drawings eliminates such waste. 

Operating on the electrostatic prin- 
ciples of xerography . . . clean, fast, 
dry ...a XeroX® Copyflo® printer— 
which enlarges, reduces, or copies 
size to size—automatically turns out 
prints up to 20 linear feet a minute. 
That’s a print in seconds . . . dry, posi- 
tive, ready for immediate use. 

Just push the button . . . and copies 
flow! They may be on plain unsensi- 
tized paper, translucent vellum, or 
offset paper masters. 

Combined with offset duplicating, 
a Copyflo continuous printer also 
makes feasible a stock-print system, 
in which multiple copies of drawings 
commonly used are run off in advance 
of need for self-service availability. 


PUSH THE BUTTON...AND COPIES FLOW! 
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Prints are so inexpensive that engi- 
neers are urged to discard them 
rather than re-file them. Costs are 
cut dramatically, and savings from 
$20,000 to $100,000 a year are being 
reported, 

A XeroX Copyfio printer offers the 
fastest, most flexible, most économical 
way to get copies precisely like the 
original from microfilm or original 
documents. 

Write for Booklet X-287, contain- 
ing complete information, HaLomw 
Xerox Inc., 59-201X Haloid Street, 
Rochester 3, N. Y. Branch offices in 
principal U. S. and Canadian cities. 
Overseas: Rank Xerox Ltd., London. 


HALOID 
XEROX 















Select the Right Choke 
INISS FANN a 








ESSEX ELECTRONICS 


RE. Choke Kits 


xy-encapsulated, High-Reliability R.F. 
é jokes veces in 4 andy kits for de- 
sign engineers: 
RFC — WEE 0.1 wHto 1,000 uH 0.150 Dia. x 0.3754 
RFC—S O.. wHtol100uH 0.188 Dia. x 0.441 
RFC —M 
AFC — 1b 


1.0 gH to 1,000 zH 0.25 Dia. x 0.601 
1.0 aH to 10,000 wH 0.31 Dia. x 0.901 
Data sheets available Fa roauest both for 
the Choke Kits and for the Essex Elec- 
tronics Standard Line of Chokes. Both the 
kits and production quantities of chokes 
are available from stock. 
Chokes + Delay Lines * Coils * Pulse Transformers 
ESSEX ELECTRONICS 
@ MEMBER OF tHE WFTRONTSS cacue 


559 Springfield Ave., Berkeley Heights, N. J. CR 3-9300 
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NEW “STANDARD ’ with 
SPECIAL CAPABILITIES 


@ Rugged Anodized 
Aluminum Housing 


@ Operation Up to 150°C 


@ 5.5 watts @ 85°C (derated 
to 0 @ 150°C) 


@ Resistance Range from 
250 ohms to 300K ohms 

















Those are just a few of the im- 
portant performance features you 
get with the new Gamewell RVG- 
14-MT10 multi-turn potentiometer. 
It fully meets applicable sections of 
MIL-E-5272A and NAS-710 — and 
much more. It gives you extras that 
often save you the cost of a‘‘special.”’ 

Available in 10, 5, or 3 turns, with 
tap locations limited only by physi- 
cal spacing. Write for detailed speci- 
fications and catalog of other stand- 





ard Gamewell potentiometers. Spe- 
cial pots supplied whenever neces- 
sary. Bring all your pot problems to 
THE GAMEWELL Company, Dept. 
19C, Newton Upper Falls 64, Mass. 


Gimewell 


PRECISION POTENTIOMETERS 
“Integrals of High Performance” 
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DIGITAL OHMMETER 


New technique accurately measures 
low resistance (milliohms), including 
that of fuses, conductors and trans- 
former windings, to accuracy of + 1 





& 


milliohm over the full range of 1 to 
9999 milliohms. Scanning and print- 
out modules can be added to form 
automatic component testing systems. 
—Electro Instruments, Inc., 3540 
Aero Court, San Diego 11, Calif. 
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AIRBORNE RANGING SYSTEM 


Ranging System consisting of two 
Systron Model 1021-1 Time Interval 
Meters and one Model 1401-1 Digital 
Recorder is flown along prescribed 
course in aircraft to calibrate air- 
borne and ground DME. During flight 
interval meters take simultaneous 
measurements of elapsed time between 
emitted signal and the return signals 
from two different ground stations. 


204 














Recorder prints permanent record of 
times and identifying codes.—Systron 
Corporation, 950 Galindo St., Concord, 
Calif. 
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HI-TEMP SERVO AMPLIFIERS 


New fully potted servo amplifiers 
use silicon transistors to deliver out- 
put powers at 3.5, 6 and 12 watts for 
driving size 11, 15 and 18 servo mo- 





tors respectively. Each amplifier con- 
sists of push-pull output, driver and 
pre-amplifier stages, and meets or ex- 
ceeds requirements of MIL-E-5400A, 
operating from —55° to 125°C.— 
Bulova Electronics Division, Wood- 
side, L. I., N. Y. 
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SMALLEST AMPLIFIER 


Said to be worlds smallest 4-stage 
amplifier, Model TA-12 has gain of 
73 to 78 db at 1000 ke with 1000 ohm 
load with S/N ratio 42 db below 1 v. 
Complete specs available——Centra- 





lab Div., Globe-Union, Ine. 900 E. 
Keefe Ave., Milwaukee 1, Wisc. 
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SERVO RING DEMODULATOR 


Modified ring demodulator Model 
1802 using silicon diodes furnishes a 
de voltage directly proportional to 
both —— and = difference 


ss ae gatas a 





between ac signal and reference in- 
puts. Unit meets rigid missile re- 
quirements, plug-in container makes 
it convenient building block for closed 
loop control and phase measurement. 
—Varo Mfg. Co., Inc., 2201 Walnut 
St., Garland, Tex. 
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Phase-Lock FM Detection 
Gives Low S/N Threshold 


A new “Phase-Lock” principle of detection, said 
materially lower the signal-to-noise threshold, is fe. 
tured in the Nems-Clarke 1400 Series receivers {og 


FM/FM, PWM/FM and PTM/FM telemetry recep 


tion. 


Method of Operation 


The receivers are of the double superhetrodyne type. 
A noise figure of less than 8 db is obtained by using 
a Western Electric 417A Grounded Grid RF amplifie 
followed by a 6AK5 triode-connected mixer, 1) 
achieve desired stability of +0.002%, the first local 
oscillator is quartz-crystal controlled. 

A phase detector determines the phase difference be. 
tween the input IF signal and a second, locally-gen. 
erated signal. Its output, which is proportional to the 
phase difference, is averaged by the Loop Tracking 
Filter and is used to control the frequency of the local 
signal generator in such a manner as to keep the 
locally generated signal in phase synchronism with 
the input signal. 

Since the voltage-controlled oscillator has a linear 
frequency vs. voltage characteristic over the frequency 
range of interest, the voltage applied to the oscillator 







fu 


SIGNAL 
GENERATOR 


ac 
VOLTMETER 


FIG. |. BLKOCK DIAGRAM of test set-up. Variations 


in receiver noise figure are eliminated by use of pre- 
amp multicoupler. 
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FIG. 2. SIGNAL-PLUS-NOISE/NOISE Ratios: Curve 
A, Phase-Lock Receiver; Curve B, Standard Receiver. 
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is proportional to the frequency of the incoming 
signal. In this manner output data can be obtained 
which is essentially identical to the input data. 
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In order to evaluate the improvement gained with 
phase-lock detection, the test setup of Fig. 1 operated 
both the phase-lock and the standard Nems-Clarke re- 
siver from a preamplifier-multicoupler to eliminate 
possible variations in receiver noise figure. The curve 
shown in Fig. 2 measured signal-plus-noise to noise 
ratios at the output of a standard IRIG band-pass filter 
with the phase-lock receiver producing the superior 
curve. Deviation was +125ke at 222.5 mc. Dotted 
portions of the curves indicate test equipment limita- 
tions. (From 4-page specifications brochure on phase- 
lock receivers, Nems-Clarke Co., 919 Jesup-Blair Drive, 
Silver Spring, Md.) 
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Flexible Coaxial Cable is 
Typical Design Problem 


Replacement of a bulky semi-rigid coaxial cable 
by a miniaturized flexible coaxial cable in a military 
systems application was the problem recently solved 
by the Times Wire and Cable Co., Inc., of Walling- 
ford, Conn. Time’s customer’s specifications called for 
a cable which could be bent over an 8” mandrel with 
no coincident major change in transmission charac- 
teristics, which were max VSWR of 1.20:1 over a fre- 
quency range of 350-5000 mc; a capacity of 500 watts 
power at the highest frequency; and a limited atten- 
uation factor. 





Previously attempted designs of such cable had a 
temperature rating of less than 100°C and consisted 
of one layer of braided Teflon mono-filaments between 
two layers of Teflon tapes. The Times cable specialists 
decided to attempt a unique design to achieve maxi- 
mum stability under flexing with optimum transmis- 
sion characteristics and improvement of the power- 
handling capabilities. 

The final construction incorporated multiple semi- 
solid layers of Teflon mono-filaments so spaced as to 
provide the desired dielectric constant, and supported 
by tayers of Teflon tape to provide flexing stability. 
Silicone-rubber-fiber-glass laminated tapes were incor- 
porated into the cable to achieve a higher operating 
temperature with abrasion-resistant properties. Tapes 
were uniformly laid on the cable and cured into a 
homogeneous moisture-resistant jacket. A Dacron 
(Polyester fiber) braid was added for conformance 
to MIL-C-17B (See Figure). 

In addition to their demonstrated ability to design 
and manufacture special and miniature coaxial cables 
to precise electrical specifications and tolerances, Times 
Wire and Cable Co., Inc., carries a customer service 
tock of over 100 standard RG-type cables. Literature 
and special information on cables and facilities for 
design is available on request. 
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150-300 V TRANSISTORIZED 
SUPPLY 


New Model 5131 transistorized 
regulated de power supply with out- 
put of 150 or 300 v de at 1 ampere 
uses Transval multiple-loop feedback 


Longe pe 


te 


circuitry for applications to ground 
support, laboratory test, and produc- 
tion test equipment. Input 115 vac 
+ 10%, 60 cps; ripple less than 3 mv 
rms.—Transval Electronics Corp., 
10401 West Jefferson Blvd., Culver 
City, Calif. 
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UHV POWER SUPPLY 


Ultra-high-voltage de power supply 
for nuclear research and experimental 
applications delivers 200 ma at 25,000 
volts. Designated Model PS 25-200-1, 


LT TTY 





all circuit components including rec- 
tifier tubes are oil-immersed in tank 
21” x 17%” x 18” high. A hand-hole 
in the top cover permits replacement 
of rectifiers without removing unit 
from tank.—Del Electronics Corpa- 
ration, 521 Homestead Ave., Mount 
Vernon, N. Y. 
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PROTECTED TRANSISTORIZED 
SUPPLY 


Model ME 36-5 EM transistorized 
power supply uses a magnetic line 
voltage regulator which drops volt- 
age across transistors to zero when 
the output is shorted. This reduces 





power transistors must dissipate and 
permits recovery time of less than 
50 usecs with overshoot less than 
1.0% of voltage setting. Output 0 to 
36 v at 0-5 amps dc; input is 105-125 
v ac.—Mid-eastern Electronics, Inc., 
32 Commerce St., Springfield, N. J. 
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TRANSISTORIZED INVERTER 


New transistorized inverter tech- 
nique allows dc inputs up to 130 v de, 
with no theoretical upper limit on 
voltage. New method also permits de- 
sign of inverters to convert directly 





from de to ac without transformers, 
filter inputs or transient eliminators. 
The circuit is applicable either to 
square or sine-wave outputs and 
meets requirements of MIL-E-7894A. 
—Power Sources, Inc., Burlington, 
Mass, 
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DELAY LINE UNIT 


Model 71-30 contains four separate 
delay lines each with 1 usec delay 
and a characteristic impedance of 
1000 ohms, epoxy molded on a glass 





melamine mounting base with gold- 
plated pins. Meets all environmental 
requirements, is designed for printed 
circuit applications—ESC Corpora- 
tion, 534 Bergen Blvd., Palisades 
Park, N. J. 
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TEST INSTRUMENT CAPSULE 


Instrumentation capsule developed 
by Leach for Polaris Dummy Missile 
tests contains 14-channel recorder, 
battery power pack, 2 rate gyros, 3 
accelerometers, transistorized cir- 


cuitry, a static inverter providing 400 





eps for the gyrus, and a demodulator 
package. Capable of withstanding 
1,000 G shocks and prolonged immer- 
sion, the instrument “slug” is adapt- 
able to other uses including sled tests, 
missile free flight and testing of 
stresses on loads in transit.—Leach 
Corporation, 5915 Avalon Blvd., Los 
Angeles 3, Calif. 
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A BETTER PLOTTER 


for Precision Layout of Grid Systems 
and Coordinate Positions 


The Coordinatograph, a new, better 
plotting instrument, is now being used 
for all types of precision layouts. It 
plots within .001” over a 4714" x 4714" 
working table. Rack and pinion con- 
struction for counter dials assures accu- 
rate measurements. 7 diameter pricker 
microscope permits observation and 
plotting in one operation. Radii from 
12” to 40” can be plotted with beam 
compass. Vertically laminated plywood 
table. Vibration-free tripod mount. 
Write now for free folder. 


AERO SERVICE CORPORATION 


210 E. Courtiand St., Philadelphia 20, Pa. 
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Electronics 
Catalog 


you save 50% on Top- Quality 


Test instruments 
HI-Fi « Ham Gear 


KITS AND WIRED 


for professional and home use 


TEST INSTRUMENTS HI-FI 

battery eliminators stereo and monaural 
battery testers tuners 

bridges preamplifiers 

ower amplifiers 
electronic switch ntegrated amplifiers 
flyback tester 


speaker systems 
oscilloscopes 


probes HAM GEAR 

signal and cw transmitter 
sweep generators modulator-driver 

tube testers grid dip meter 


transistor tester 
vacuum tube OVER 1 MILLION 
voltmeters EICO instruments in 
use throughout ~ 


volt-ohm- 
milliammeters the world. 













LIFETIME service and calabration guarantee, 
IN STOCK at your neighborhood EICO dealer. 
Send now for FREE catalog 
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THE SUPERIOR 
ZOOMAR REFLECTAR 
MIRROR OPTICS 

for the extended view of distant objects. 


SHARP..... BRILLIANT..... LIGHT WEIGHT 


Available focal lengths: 
20”, 25”, 40”, 80”, 100”, 150”. 


ZOOMAR REFLECTAR OPTICS with Thermax mountings 
are free from aberrations and distortions and very stable 
under variable environmental conditions. 


ZOOMAR REFLECTAR OPTICS can be adapted to a great 
variety of Still, Motion Picture and Television Cameras 
(as Bell & Howell, Cameraflex Data Recording Model 
IDBM, Flight Research, GE, Hulcher, Mitchell, Photo- 


ZOOMAR REFLECTAR OPTICS are obtainable with a 
number of accessories, as special base mounts, reflex 
finders, reticle printers, filters and with the remarkable 


ZOOMAR—TRULEX the “through the lens” Automatic Exposure Control. 
For more detailed specifications and prices write to: 





150” ZOOMAR—REFLECTAR ON 
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MINI BRAKE-CLUTCH UNITS 


Brakes (operating either when en- 
ergized or de-energized), clutches and 
clutch-brake combinations for use in 
servo electromechanical systems weigh 
6 oz each, operate on nominal 28v dc 


Brake T 


Clutch T 


Ounce Inches Torque 





Volts D.C, 


to produce 20 to 40 oz-in braking or 
clutching torques. Brake-clutch model 
MC-125 voltage-torque characteristic 
is illustrated.—Autotronics, Inc., Flo- 
rissant, Mo. 
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UNITIZED SERVO COMPONENTS 


New modules incorporating mag- 
netic clutches, spring returns, com- 
mutators, switches and single and 
multi-turn potentiometers assemble 
into utilized component sub-system. 
See at WESCON or write.—Tech- 
nology Instrument Corporation of 
California, 7229 Atoll Aves No. Holly- 
wood, Calif. 
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MAGNETIC CLUTCH AND BRAKE 


New line of magnetic clutches and 
brakes comprises nine models in five 
frame sizes with torque ratings from 
6 oz-in (size 5) to 224 oz-in (size 18). 


: pe 


Magnetic design does not load bear- 
ings, resulting in low breakaway 
torque and long life. Meets all appli- 
cable environmental military tests.— 


Dynamic Instrument Corp., 59 New 
York Ave., Westbury, L. I., N. Y. 
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RADIATION RESISTANT SERVO 


New precision servomotor, Size 15 
Model T175-001, incorporates latest 
radiation-resistant silicon resin, bear- 
ing lubricants and insulation to 
achieve operation reliability under 
high radiation (to 10!°R) and tem- 
perature (—54° to 200°C) levels. Also 





has high torque-to-inertia ratio and 
stator cast in thermosetting resin for 
minimum air gap. Fixed phase supply 
is 115 v 400cps, with control voltage 
40 v series, 20 v parallel; producing 
1.45 oz-in at stall—Kearfott Com- 
pany, Inc., 1500 Main Ave., Clifton, 
N. J. 
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MAGNETIC CLUTCH 


Type C-18 Magnetic Clutch in fric- 
tion face model has output torque of 
80 oz-in (min.) at 24 to 28 volts de. 
with maximum weight of 13.5 oz. 





With maximum recommended speed of 
5,000 rpm, engagement time is 4 msec. 
—Certified report of environmental 
testing and complete specifications on 
request.—Guidance Controls Corp., 
110 Duffy Ave., Hicksville, N. Y. 
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Precision Potentiometers 
HALF-INCH PRECISION POTS 


New type RVG pots in %” diam- 
eter provide resistance ranges from 
10 to 100,000 ohms, rated to dissipate 
2 watts at 85°C, derated to 0 watts 


ce a 


at 150°C. Types include regular pre- 
cision servo, servo with side terminals 
(allows rear shaft extension), regular 
trimmer type, and trimmer for print- 
ed circuit applications.—Gamewell 
Co., 1238 Chestnut St., Newton Upper 
Falls, Mass. 
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MULTITURN POTENTIOMETERS 


New Spiralpots feature the use of 
a single length of resistance wire con- 
tinuously contacted to provide in- 
finite resolution, eliminating “hunt- 








ing” in servo systems used in fire 
control, analog computers, checkout 
equipment and high accuracy indi- 
cating devices. New brush assembly 
eliminates grooving and rapid lineari- 
ty shifting; extra rugged stops and 
faster response.—Giannini Controls 
Co., 918 East Green St., Pasadena 1, 
Calif. 
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DYNAMIC BALANCED POTS 


New “Unitized” dynamically bal- 
anced potentiometer arm and shaft 
is engineered for continuous operation 
to 225°C, with high temperature ma- 





terials and matched coefficients of 
expansion. Operating characteristics 
include 5 million cycle life, 2,000 cycle 
life at 30 G, rotational speeds to 3,500 
rpm, and linear or functional wind- 
ings with 0.2% maximum standard 
linearity.—Kintronic Div., Chicago 
Aerial Industries, 10134 Pacific Ave., 
Franklin Park, Ill. 
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SERVO-MOUNTING POTS 


New Model 55 rugged wire-wound 
potentiometer withstands vibration at 
500 cps to 24 G and up to 10 G at 1000 
cps; is available in servo-mounting 





case or standard bushing mount. 
Rated at 2 watts at 65°C, operates 
over an ambient temperature range 
of — 55° to 105°C; available in re- 
sistances to 100,000 ohms.—New Eng- 
land Instrument Co., 320 Main St., 
Woonsocket, R. I. 


CIRCLE 123 ON READER-SERVICE CARD 


MICRO-MINIATURE POT 


New Series C-050 precision poten- 
tiometers use one-piece metal case 
and bearing design with sealed covers 
and “O”-ring sealed shafts for re- 





sistance to corrosive conditions. Tech- 
nical specs available-—EHlectronic 
Sales Div., DeJur-Amso Corp., 45-01 
Northern Blvd., Long Island City 1, 
N.Y. 
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STABLE TRIMMING POT 
Extreme stability is feature of new 
Model 927 Aeropot, also high-reli- 
ability and high temperature opera- 
tion. 





Stability of 60 ppm to 190°C is 
accomplished by zero end play of ad- 
justing screw, selection of wire by 
temperature coefficient and use of 
mandrel with selected thermal temp- 
erature characteristics. High Mil-Spec 
environmental test are passed by all 
types, from 100 to 10,000 ohms.— 
Aero Electronics Corp., 1745 W. 134th 
St., Gardena Calif. 
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NEW LINEARITY ACHIEVED 


Model A Helipot precision pot in 
resistances from 100 to 100,000 ohms 
are now available in linearities of 
+ 0.25% for the 14%” 10-turn models. 
The resistance tolerances have also 
been tightened from 5% down to 
+3%. Up to 3 sections of the Model 
A can be factory ganged, and as many 
as 28 taps can be added to a single 
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section, each spot welded to a single 
turn of resistance wire.—Helipot 
Div., Beckman Instruments, Inc., 
Fullerton, Calif. 
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MINIATURE POTENTIOMETER 


New “thimble-size pots” capable of 
withstanding shock and vibration to 
20 G include single and multi-turn, 
high temperature, and _ rectilinear 








trimming potentiometers. See 1%” 
Model 341 and others at Booth 3207, 
WESCON.—Daystrom Pacific Div., 
Daystrom, Inc., 9320 Lincoln Blvd., 
Los Angeles, Calif. 
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PRESSURE TRANSDUCER 


Model D-49 medium pressure trans- 
ducer withstands operation in expos- 





ure to red-fuming nitric acid, temper- 
ature extremes and 35 G vibrations. 
—Servonic Instruments, Inc., 640 
Terminal Way., Costa Mesa, Calif. 
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DISPLACEMENT TRANSDUCERS 


New linear displacement trans- 
ducers designed for use with Sanborn 
carrier or phase sensitive demodu- 
lator amplifiers have maximum stroke 


a At 


of + 0.050”; 0.5% linearity; operate 
from 5 v 2400 cps excitation. Model 
580 is designed for flange mounting, 
Model 581 for tapped hole.—Indus- 
trial Div., Sanborn Co., 175 Wyman 
St., Waltham 54, Mass. 
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SUBMARINE PULSE 
TRANSFORMER 


A pulse transformer, to supply 
pulse energy to sonar transducers 
even at greatest ocean depths, has 
been designed to withstand pressures 
to 15,000 lb/sq-in. Mounted in an oil- 
filled Plexiglass container with neo- 
prene rubber end plugs, the new unit 
delivers a peak pulse voltage of 8,000 
volts.—Edgerton, Germeshausen & 
Grier, Inc., 160 Brookline Ave., Bos- 
ton, Mass. 
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TRINIT 


Many sheath 
materials 
available. 
Pressure 
ratings 

up to 
50,000 psig. 


Inert metallic 
oxide filler. 


Choice of exposed, 
closed and grounded, 
or closed 
and ungrounded 
hot junctions. 


FOR 
POINT-OF-READING 


y ACCURACY... 


Trinox units offer the user a single unit combining the pro- 
tection of a thermowell and the accuracy of a fine thermo- 
couple. The thermocouple is encased in an inert metallic oxide 
within a metal sheath with the proper process connection and 
junction. 


Inherent small size of Trinox lends itself to miniaturization. 
Extremely fast response permits more accurate readings and 
control in critical systems. Trinox units may be formed into 
practically any configuration to meet requirements, and are 
available in .040”, 1/16”, 1/8”, 3/16”, 1/4”, 5/16” dia- 
meters. Trinox is also available from stock in random lengths 
for customer fabrication. 





FOR MULTI-POINT 
ASSEMBLIES 
Single process connection can accommo- 


date a number of Trinox units with hot 
junctions at various points as required. 














WRITE FOR COMPLETE DETAILS... 





On Trinity Thermowells for all applications, 
Thermocouples and Trinox Thermocouples. 


THERMOWELLS ° THERMOCOUPLES 


Dynamic Dryers, Heat-Les and Heat-reactivated. 


TRINITY EQUIPMENT CORPORATION, CORTLAND, NEW YORK 
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How To Get Things Done 
Better And Faster 





BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves 
Saves Money, Prevents Errors 

vy Simple to operate—Type or Write on 
Cards, Snap in Grooves 

yy Ideal for Production, Traffic, Inventory, 
Scheduling, Sales, Etc. 

yy Made of Metal. Compact and Attrac- 
tive. Over 350,000 in Use 


Full price $4g50 with cards 


FREE 24-PAGE BOOKLET No. MT-10 
Without Obligation 


Write for Your Copy Today 


GRAPHIC SYSTEMS 
55 West 42nd Street e New York 36, N.Y. 
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Time, 








TERMINAL ‘CONNECTING STRIPS 


Cut wiring time and cost! 


KULKA ELECTRIC CORP. 


633-643 So. Fulton Avenue 
Mount Vernon, N.Y. 





Here’s a practical device to 
simplify your wiring work and as- 
sure correct connections. Multi- 
conductor cable is attached at 
either end of strip with a clamp. 
Each wire is soldered to terminal 
lug. Then, sliding and tightening 
the spade-type lugs under the 
binder screws of terminal block, 
all connections are completed. 
Supplied with flat lugs or with 
90° upright lugs. 

CATALOG Write for big Kulka 
Terminal Blocks catalog covering the 
outstanding selection of types for 


simplified wiring. Let us collaborate 
on your problems and needs, 
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LIGHTWEIGHT 
ACCELEROMETER 


New Model 2224 accelerometer for 
testing where size and weight of 
instrument is critical is only %” high, 





ite, ORES 
weighs 9 grams. Has 5 pk-mv/pk-g 
sensitivity with first resonant fre- 
quency of 30 kc. Frequency response 
+5% is to 6000 cps with amplitude 
linearity of 1%, temperature range 
of —70°F to 230°F.—Endevco Corp., 
161 E. California Blvd., Pasadena, 
Calif. 
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THERMOCOUPLES 


New thermocouples for missile and 
rocket engine applications have tem- 
perature ranges from —350°F to 
2000°F. Illustrated, (A) are heat 


transfer types with location of 


208 


thermocouple controlled within 0.001” 
of fixed distance from the surface, 
available with Ceramic insulation. 
B) Surface temperature types, junc- 
tion at surface. Ceramic insulation 





available. C) Immersion types, aver- 
age response time better than 250 
msec; hydrostatically tested to 5000 
psi—Astra Technical Instrument 
Corp., 1132 Mission St., So. Pasadena, 
Calif. 
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GAS TEMPERATURE PROBE 


High temperature probe for total 
temperature measurement in missiles, 
coated with Molydenum disilicide oper- 
ates in temperatures to 3100°F in 
still air or 2900°F in moving air. 
Time constant is faster than 0.8 sec., 
and accuracy is better than 2% of 


toes. 








2 i 


. 


temperature.—Aero Research Instru- 
ments Co., 315 No. Aberdeen St., Chi- 
cago 7, Ill. 


CIRCLE 133 ON READER-SERVICE CARD 


MICRO STRAIN GAGES 


New Metalfilm strain gages for 
missile and advanced aircraft meas- 
urement are Rosette Model 121-R3A 
(Fig. 1), Miniature Model 1x1-32A 





(Fig. 2) for use in very steep strain 
gradient areas, and Dynamic strain 
measurement Model 1341-500 (Fig. 3). 
—Tatnall Measuring Systems Co., 
Subsidiary of the Budd Co., Box 245, 
Phoenixville, Pa. 
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Sine-Cosine Design Criteria 


If a point contact is caused to move in a circulg 
path over the face of a rectangular card wound with 
straight, parallel, uniformly-spaced, current carrying 
wires, the potential between the contact and any fixe; 
point of the winding will vary in a sinusoidal manne, 
with respect to angular rotation. 

In the interest of economy of supply voltage, two 
diametrically opposite contacts at equal radius may be 
used, rather than one. Gamewell sine-cosine potentiam. 
eters have four contacts at equal radius, spaced 90° 
apart, so that sine and cosine functions are delivered 
simultaneously from the same card. (See Figure), 























BOTH SINE AND COSINE functions are de- 
livered simultaneously from the four equally-spaced 
contacts. 


The accuracy, or conformity, of a sinusoidal poten. 
tiometer with a single wiper contact, is usually taken as 
the percent deviation from a true sine function referred 
to the input voltage. Where two diametrically opposite 
contacts are used, the peak-to-peak voltage output is 
nearly double the magnitude of the supply voltage, 
while in single-contact operation of this type (or of 
the “tapered card” type of potentiometer), the maxi- 
mum peak-to-peak voltage approaches the supply volt- 
age. As a result, when conformities are computed in 
this manner, a two-contact potentiometer which has 
the same numerical value as a single contact one, 
actually has only half the deviation. 

When four contacts are used the definition of con 
formity is somewhat more complicated. However, an 
accurate method of evaluating conformity can be made 
by connecting the two pairs of an accurate sine-cosine 
potentiometer to the two pairs of deflecting plates (or 
coils) of an oscilloscope, to show a true circle on the 
screen. Any deviation from the true circle can then be 
expressed in terms of percent of radial amplitude error 
and degrees of angular position error. 

Inasmuch as the number of wires traversed per de 
gree of rotation varies from a maximum when the 
contact is moving at right angles to the wires, to 4 
minimum when the contact is moving parallel with 
the wires, the resolution is manifestly not a constant! 
quantity. Nevertheless, the number of wires contained 
within the contact circle affords a valid measure o 
the resolution and in practice is expressed numerically 
by dividing 180° by the number of turns. 

(From 22-page booklet, “Precision Potentiometers, 
4. he eae Company, Newton Upper Falls 6, 

ass. 
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Receiving Tube Sets 


Transmission Record 


A GE Type 7077 ceramic receiving tube designed 
to operate at higher power, frequencies and tempera- 
tures than available transistors, is used in the final 
stage of the Pioneer IV Sun Satellite radio transmitter. 
This transmitter, a prototype of the unit shown in 
Fig. 1 and produced by the Jet Propulsion Laboratory 
of the California Institute of Technology, Pasadena, a 
NASA facility, enabled a frequency of 960.05 mc to 
be used at an output of about 180 milliwatts in Class 
B Service. The Ceramic tube is mounted in the center 
of the right-hand section of the transmitter. 

Use of a tube in the final amplifier instead of a 
transistor permitted usable output at the frequency 
just above the UHF television-band limit of 890 mc. 
This enabled tracking stations to use more efficient 
antenna systems, also the higher frequencies are found 
to be less subject to bending and reflection by the 
jonized layers above the earth. The 7077 tube set an 
all-time communication record of 407,000 miles, giv- 
ing strong signals for more than three days. 


| FIG. 1. PRO- 
| TOTYPE of 
transmitter 
carried in Pio- 


used 
GE 7077 cera- 
mic receiving 
tube. 





FIG. 2. CERA- 
MIC receiving 
tubes under 
development 


at GE. 





Ceramic receiving tubes for “the tough jobs that 
only tubes can do” have established records of reliabil- 
ity and longevity in computer and SAGE system serv- 
ice. Tubes now under development by the General 
Electric Receiving Tube Department, Owensboro, Ky., 
are shown in Fig. 2., which also includes the 7077 al- 
ready in production. Other types shown are the 
Z-2537, cathode type UHF diode; Z-2696, print-board 
version of 7077 UHF triode; Z-2692, cold cathode 
reference diode; Z-2689, Cathode type low current 
diode: Z-2693 hi-mu triode (G,, 25,000 pmbhos) ; 
Z-2664, hi-gain triode; Z-2353, hi-mu triode for AF 
or RF; Z-2352, medium-mu triode for AF or RF; 
Z-2536, power rectifier; Z-2354, power output triode; 


and Z-2727, power output pentode. 
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HIGH-SPEED PRISM CAMERA 


New Photo-Sonics 16mm 1-B high- 
speed rotating prism camera with 
1,200 ft film magazine permits opera- 
tion for full 50 seconds at 1,000 





frames/sec. Widely used in rocket 
engine tests, a disc shutter behind the 
prism masks off less desirable por- 
tions of image to achieve resolutions 
approaching those from precision in- 
termittent-type cameras.—Traid Cor- 
poration, 17136 Ventura Blvd., En- 
cino, Calif. 
CIRCLE 137 ON READER-SERVICE CARD 


HI-TEMP IR FILTERS 


New near-infrared filters, essen- 
tially long pass filters commencing to 
transmit at wavelengths up to1.2 
microns, use the interference princi- 
ple in evaporated films of silicon. 








Operation is from —40° to 100°C with 
little shift in cut-off wavelength. 
Magnesium fluoride protects films 
against aging and effects of expos- 
ure. Diameters to 6” are available.— 
Metavac, Inc., 45-68 162nd St., Flush- 
ing 58, N.Y. 
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DRONE RECONNAISSANCE 
CAMERA 


New KA-30 camera now in produc- 
tion using film 5” wide fits in mini- 
mum space in light-weight drones and 
reconnaissance planes for automat- 
ically controlled operation. Uses im- 





age control compensation, moving film 
at moment of exposure to compensate 
for image movement due to apparent 
ground movement to prevent blurring. 
—Chicago Aerial Industries, 1980 
Hawthorne Ave., Melrose Park, Ill. 
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VIBRATION INTERFEROMETER 


Highly accurate calibration of ac- 
celerometers of Gulton and Endevco 
types is accomplished by the Gaertner 
Vibration Interfereometer which em- 
ploys light wavelengths as basis of 
amplitude measurement. Frequency 
range is 450 to 10,000 cps with double 
amplitudes from 1 to 1000 micro- 
inches.—Gaertner Scientific Corp., 
1201 Wrightwood Ave., Chicago 14, 
Til. 
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HIGH RELIABILITY 
THERMOSTAT 


High reliability version of Klixon 
Ml thermostat features completely 
welded construction, gold-plated con- 
tacts and no inclusion of solders, 





fluxes or organic materials. Vibration 
resistant construction withstands 25 
G in 75-3,000 cps range; operates with 
9°F temperature differential over a 
0° to 225°F range for a life of 100,- 
000 cycles, minimum.—Metals & Con- 
trols, Div., Texas Instruments Incor- 
porated, Attleboro, Mass. 
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MINI SILICON RECTIFIER 


New “match-head” size rectifier 
with capacity of 150 milliamps at 
150°C has a dissipation rate as high 
as 600 mw. Particularly designed for 
missile and airborne computers, in 
which up to 10,000 rectifiers are 
used in a single instrument, the new 
rectifiers are said to be several hun- 
dred times smaller than old type rec- 
tifiers—Clevite Transistor Products, 
Waltham 54, Mass. 
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MICRO-MIN RESISTANCE 
THERMOMETER 
Extremely small resistance ther- 
mometer (0.033” dia x %” long) has 


a linear change in resistance of 0.020 
ohms/°F from —65°F to 1600°F. Ac- 


v% 





ae i ae id 
curacies to %4°F are possible after 
calibration. Fits into small holes in 
rotating and moving parts in missile 
and aircraft flight tests, and other 
applications.—High Temperature In- 
strument Corp., Bala-Cynwyd, Pa. 
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SIg- 


nificantly! 


Model 
SS-32-20 


meat) 
a7 Beet 


CORPORATION 
20 Boright Ave., Kenilworth, N. J. 
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PRICE: $990 
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SMALL 


PACKAGE 


miniaturization 
weight reduction 










ALL IN ONE 





the answer to 








SPRING RETURN... 
POTENTIOMETER... 


i 
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reliability 
...unitized clutch When specifications 
dul demand reliability, miniaturization 
moautes and weight reduction of electromechanical 


components for systems the “breadboard” approach 
rarely provides the desired answer. 

Technology Instrument Corporation offers basic 
components designed as modules which assemble 
into a unitized package. This package may be com- 
posed of synchros, servo motors, magnetic clutches 
or brakes, spring return devices, commutator 
switches and precision potentiometers. 

We would be pleased to consult with your engineers 
and develop a miniaturized component package, of 
great reliability, to meet your particular needs. 
Write today for complete, illustrated brochure 
covering Unitized Clutch Module, specifica- 
tions and tests. 


TECHNOLOGY INSTRUMENT CORP. 


850 Lawrence Bivd., Newbury Park, Calif 


See this at Booth 2013, 2014 at the Wescon Show 
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MINI SILICON DIODE 


New high reliability silicon diodes, 
hermetically sealed in glass feature 
fast switching, high temperature op- 





b aM i ata clas 
eration to zvU*C, maximum working 
voltage to 300 v de and forward con- 
ductance to 200 ma at +1 volt.— 
Silicon Transistor Corp., 150 Glen 
Cove Rd., Westbury, N. Y. 
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TRANSISTOR TEST SET 


New Model 545-B test set directly 
measures Beta in three ranges, 0 to 
30/100/300; input impedance from 
500 to 20,000 ohms; and collector cut- 
off current from 0 to 50 wamps. Test 





frequency 1s normally 1 ke from in- 
ternal oscillator but any frequency 
from 200 ens to 50 ke can be used 
from external oscillator. Collector 
current waveforms for CRO display 
are available from output jack.— 
Metronix, Inc.. Chesterland, Ohio. 
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TRANSISTOR EVALUATOR 


New Model TB-1 transistor bread- 
board allows rapid setup of design cir- 
cuits to evaluate characteristics of 
transistors for: Freeuenry and cur- 


SOSA Se ERR ONE IT anny 


; 
’ 





rent gain; input and output imped- 
ances; cascading; optimum class of 
amplifier operation; linearity or dis- 
tortion and stabilization. Seven me- 
ters monitor all current and voltage 
valves without switching—Abrams 
Instrument Corp., 606 E. Shiawassee 
St., Lansing 1, Mich. 
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CERAMIC BASE RECTIFIER 


New high alumina ceramic disc 
base of low thermal resistance is now 
available with all Transitron silicon 


J 


power rectifiers in the y%” hex base 
series. eliminating the need for 
mounting hardware to simplify con- 
struction of bridge assemblies.—Tran- 
sitron Electronic Corp., 168 Albion 
St., Wakefield, Mass. 
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COINCIDENCE GLOW TUBE 


New dual-control indicator thyra- 
tron requires two coincident signals 
of 4.5 volts to produce a bright neon 
indicating glow which may be viewed 
from any angle. Designed for use in 





computers, data processors, etc., a 
single signal applied to either of two 
control grids will not produce an in- 
dication. With de anode supply, the 
glow continues until anode supply is 
interrupted. With ac anode supply 
the glow is completely controlled by 
the two grids.—Wiltec Electronics, 
Inc., 53 Water St., So. N Norwalk, 
Conn. 
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COUNTER-TIMER 


Electronic counter-timer for meas- 
urement, calibration, timing and con- 





trol can count up to 100,000 cps and 
has a time measurement range of 0.5 
ms to 278 hrs.—Erie Resistor Corp., 
644 W. 12th St., Erie 6, Pa. 
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PHASE SEQUENCE INDICATOR 


Three-phase sequence monitor hav- 
ing no moving parts is fail-safe in 
that disconnected lead or improper 
phase sequence will not allow neon 


_» sai SRE 3 





eeerse | 
lamp to glow. Qualified per MIL-E- 
5272A, available in standard voltage 
and frequency ranges.—Master Spe- 
cialties Co., 956 East 108th St., Los 
Angeles 59, Calif. 
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AUTOMATIC SERVO PLOTTER 


Automatic electronic Servo Plotter 
whicn can be used with virtually any 
electronic servo system is said to de- 
tect and plot phase and amplitude 
relationships in the data-frequency 





renge from 0.3 to 30 cycles and to 
automatically compensate for har- 
monic distortions. It utilizes conven- 
tional linear plot paper and provides 
Bode, Nyquist and Nichols plots, 
among others. Requires no accessory 
parts.—Republic Aviation Corp., 
Farmingdale, N. Y. 
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PRODUCTION-LINE SHOCK TEST 


New Hyge-6500 shock test unit for 
production-line testing provides choice 
of MIL-E-5272A (half-sine) or Ramo- 
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Woolridge (Sawtooth) test specifica- 
tions for 100G tests of specimens 
from less than ounce to 150 lbs. Bul- 
etin 4-75 available—Consolidated 
Electrodynamics Corp., Rochester 
Div., Rochester 3, N. Y. 
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SPIN TEST UNITS 


New VHS-4 spin test unit proof- 
tests jet rotors, etc, to 150,000 rpm; 
while VHS-2C is automatic test equip- 
ment which will cycle high speed test 
pieces between pre-set speed levels. 
For study of stress distribution under 
cyclic conditions.—Artisan Metal 
Products, Inc., 78 Pond St., Waltham 
54, Mass. 
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VACUUM OVEN 


New vacuum oven for rapid large- 
scale drying of printed circuits, tran- 
sistors and other electronic parts in 
fraction of time at atmospheric pres- 
sure. Vacuum evacuation to 1 micron; 
to 300 microns in less than 2 min. 





May be fitted with doors on both 
sides for production line use. In- 
cludes vacuum pump, indicating con- 
trolling thermostat and micron gage. 
Independent safety thermostat avail- 
able on special order.—Electric Hot- 
pack Co., Inc., Dept. 601, Cottman & 
Melrose Aves., Philadelphia 35, 
Penna. 
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AIRCRAFT TEST SET 


A single instrument, Model 4B, 
incorporates a highly accurate fre- 
quency meter as well as measurement 





of ac and de voltages. Self contained 
in molded bakelite case, it will not be 
damaged by pressing the wrong but- 
ton.—Airpax Electronics Inc., Sem- 
inole Div., Ft. Lauderdale, Fla. 
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CAPACITOR FORM FACTOR 


Improved form factors for printed 
circuit and other miniaturized appli- 
cations are available in Series M-150 






£ i B Sallie: tlie. hide 
and W-150 metallized paper capact- 
tors in round, rectangular and wafer 
configurations.—Electron Products 
Co., 430 N. Halstead Ave., Pasadena, 
Calif. 
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Only HYGE can produce 


and repeat 


so many different 


kinds of shock 





60-second test simulates 
exact service conditions, 
records shock waves on 
oscilloscope for instant 
reference or photography. 


What shock situation would you like 
to set up? Shock loads to missile 
launcher? Re-entry—to atmosphere, 
land or water? Rocket fuel handling? 
Parachute landing? Underwater or 
underground explosion? You can sim- 
ulate them all with HYGE... and 
repeat each one exactly . . . for only 
pennies per test. And as new test re- 
quirements develop, an inexpensive 
metering pin adapts HYGE to meet 
them. You have a permanent source 
of stored energy—variable, to meet 
your needs, up to 40,000 Ibs. thrust— 
with versatility for a wider range of 
shock wave patterns than with any 
other equipment. If shock is a factor 
in the success of your project, you'll 
want to know more about HYGE. 


Write for Bulletin 4-70-A ... theory, 
application and specification data on 
HYGE Shock Testers. 


Consolidated Electrodynamics 


Rochester Division, Rochester 3, N.Y. 


SALES AND SERVICE OFFICES IN PRINCIPAL CITIES 
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ATC COMPONENTS HAVE BEEN 


DESIGNED FOR THESE TYPICAL 
MISSILE APPLICATIONS 





1. ABSOLUTE PRESSURE PICKOFF 
2. ACCELEROMETER 


3. HYDRAULIC SERVO VALVE 
FEEDBACK 


4. POSITION SENSING 


Other ATC mil spec timing and 
programming components are 
used with Mace, Matador, 
Thor, Bomarc, Hound Dog. 










MAXIMUM TIME- TRANSISTORIZED 
OFF INDICATOR TIMER 








RESET TIME WIND TUNNEL 
DELAY RELAY CONTROL 


















PROVEN ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS 


DRAMATICALLY 
INCREASE 


RELIABILITY 
OF AIR & GROUND CIRCUITS 




















WHAT IS A DIFFERENTIAL TRANSFORMER? 
An electromechanical device which translates 
the displacement of a magnetic armature into 
a linear alternating current voltage. 


WHAT ARE ITS ADVANTAGES? 

It’s frictionless, offers infinite resolution, high 
signal to noise ratio, low null voltage, not af- 
fected by wide temperature ranges or radia- 
tion exposure, one-tenth of 1% linearity, small 
size, light weight. 


WHERE ARE ATC DIFFERENTIAL 
TRANSFORMER SYSTEMS BEING USED? 

In both airborne and ground support assem- 
blies as components or full systems on Terrier, 
Jupiter LOX level controls and launching rig de- 
flection, direct reading altimeters, G.E. counter- 
measure program, jet carburetor safety control. 


HOW DO I FIND OUT HOW DIFFERENTIAL 
TRANSFORMERS WILL HELP ME? 

Send for ATC’s free 32-page ‘Handbook of 
Linear Transducers,”” which gives theory, char- 
acteristics, curves, schematics, application data, 
everything! Also ask about the Aero Transducer 
Kit, which permits you to experiment with a 
broad variety of transducers applicable to rate 
gyros, pressure pickoffs, accelerometers, hy- 
draulic servo valve feedbacks, position sensors. 


ATC offers design engineering help 
and complete Mil-spec R & D programs. 


New Products —conr. 








AUTOMATIC TIMING & CONTROLS, INC. 


KING OF PRUSSIA, PENNSYLVANIA 
A SUBSIDIARY OF SAFETY INDUSTRIES, INC. 
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HI-TEMP TANTALUM 
CAPACITOR 
New “UC” tantalum slug electro- 
lytic capacitors are now capable of 
withstanding ambient temperatures 


‘ 
4g 





under operation to 125°C, also exceed 
vibration and shock Mil-Specs. Fully 
described in Bulletin 159C on request. 
—Ohmite Manufacturing Co., 3638 
Howard St., Skokie, Ill. 
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WIDE-BAND RF TRANSFORMER 


New RF transformer of unusual 
design for antenna matching, receiver 
coupling, pulse circuit, isolation and 





impedance matching applications is 
available in Type 1211A (200 ke to 
40 mc) and type lzlls (3-100 mc) 
with impedance ratio of 600:75 ohms. 
—wNorth Hills Electric Co., Inc., 402 
Sagamore Ave., Mineola, N. Y. 
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FM/FM COMMUTATOR 


New 4-pole telemetering commuta- 
tor for missile FM/FM systems in- 
cludes 2 poles each 30, and 2 poles 
each with 60, make-before-break con- 
tacts. Sequencing required for each 





pole may be arranged by external 
wiring to the hermetically-sealed con- 
nectors, or data channels can be 
crossed-strapped for higher sampling 
rates.—Instrument Dew lonment Lab- 
oratories, Inc., 67 Mechanic St., Attle- 
boro, Mass. 
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CARCINOTRON TUBES 


New family of carcinotron tubes 
with wide-band RF output couplers 
permit sole tuning over a continuously 
wide band when operated into as much 


cr 7 





as a 2:1 mismatch. Tuning rates are 
considerabiy .ascer than on any tubes 
previously obtainable, with size and 
weight said to be smallest to date.— 
Litton Industries, Electron Tube Di- 
vision, 960 Industrial Road, San Car- 
los, Calif. 
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MICROWAVE CALIBRATOR 


New Microwave Frequency Cali- 
brator Model 101 generates harmonics 
up to 25kmc. Fundamental crystal 





frequency of 5 me can be calibrated 
against WWV, with lower intensity 
markers at 150 and 50 me, and major 
signal component at 450mc.—Micro- 
Now Instrument Co., 6340 Tripp 
Ave., Chicago 46, Ill. 
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LIGHTWEIGHT X-BAND 
ISOLATOR 


New ferrite isolator for military 
systems where space and weight sav- 
ings are essential covers 5200-6425 mc 
range, gives 15 db isolation (min), 





with only 1.0 db forward loss and 
max VSWR of 1.15. Only 1.7” long; 
with aluminum CMR 137 RETMA 
flanges weighs only 6 oz.—Ferrotec 
Inc., 217 California St., Newton 58, 
Mass. 
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SPRING-POWERED GYRO 


Two-axis s~»rinewound gyro for 
short-range missiles and drones re- 
quires only U.1 sec to come to speed 
and uncage for 4 minutes optimum 
running time with drift accuracy of 
0.1°/sec. May be kept wound indef- 


MILITARY SYSTEMS DESIGN 
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nitely and may be rewound for re-use 
without loss of accuracy, as many 
mes as required.—Clary Dynamics, 
408 Junipero St., San Gabriel, Calif. 
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MOTOR-TUNED BAND-PASS 


New “X” band pass filter compris- 
ing a 4-section resonator with a 
anual tuning range of 1000 mes also 









has a 26 v de motor atiowing auto- 
matic setting of the filter to F., F. 
+3me and F. — 3mce. Insertion loss 
is 2.5 db max and VSWR is 1.5 max. 

Frequency Standards, Inc., P. O. 
Box 504, Asbury Park, N. J. 


CIRCLE 164 ON READER-SERVICE CARD 


MICRO RESISTOR MODULES 

New Ceramic microelement resist- 
ors and latest addition to Vamistor 
precision mecal-film resistor line will 
e shown in WESCON booths 3203- 





3205. (White square in palm is micro- 
esistor wafer module).—Weston In- 
struments Div., Daystrom, Inc., 614 
Frelinghuysen Ave., Newark 12, N. J. 
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METALIZED GLASS RESISTOR 


New Painton “Fiberloy” resistors, 
made by depositing film of precious 
metal on fine glass fiber before wind- 
ing is said to provide high resistance 














in small size and noise level wer 
than for wirewound resistors where 
large ohmic values are required. Spe- 
tial silicone coatings available for 
250°C operation.—Interlab, Inc., 437 
Fifth Ave., New York 16, N. Y. 
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Single-Package RF 


Spectrum Analyzer 


Broad pulsed RF analysis is provided in fine de- 
tail due to the 200 cps resolution obtained by the new 
Model SPA-2 Microwave Analyzer shown. Half and 
quarter power points, lobe symmetry, parasitic oscil- 
lations, visual indication of frequency instability under 
shock, non-linear modulations, varying loads, etc., are 
combined with analysis in standard FM and AM sys- 
tems, noise spectra, oscillator instabilities, and other 
dynamic phenomena. 





Other exclusive Panoramic features included in the 
SPA-2 include 1 mc wide sweepwidth, continuously 
adjustable down to 0; variable resolution from 10 ke 
to less than 200 cps; variable sweep rate from 1 to 
60 cps; linear, 40 db log, and power amplitude scales. 
Two extremely stable tuning heads: RFS (50-250 mc) 
and RF-6 (220-440 mc) provide 100 dbm sensitivity 
on fundamentals. (Technical bulletin and details are 


available on request—Panoramic Radio Products, Inc., 
520 So. Fulton Ave., Mount Vernon, N. Y.) 
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BOOK REVIEWS 


BASICS OF MISSILE GUIDANCE AND SPACE 
TECHNIQUES, Series by Marvin Hobbs, 1959. John 
F. Rider publisher, Inc., 116 West 14th St., New York 
11, N. Y. 6” x 9” paper covers. Vol. 1, 144 p. $3.90, 
covers: Guidance techniques, Control & Guidance, 
Radio & Radar Command, Guide Beam, Doppler and 
Homing Techniques, Gyroscopic Fundamentals, In- 
ertial & Celestial Tracking, Computer Applications, 
Actuators. Vol. 2, 146 p. $3.90, covers: Testing and 
Telemetering, Space Exploration by Optics and Elec- 
tronics, Satellite Theory & Practice, Earth Satellites, 
Navigation & Telemetry, Electronic Components & 
Power Sources, Satellite Monitoring & Tracking. 


HIGH ALTITUDE AND SATELLITE ROCKETS, The 
Philosophical Library, Inc., 15 East 40th St., New 
York 16, N. Y., 136 p., 8144” x 11”, $15.00. Proceed- 
ings of first symposium on high altitude and satellite 
rockets held in Great Britain. Joint meeting by Royal 
Aeronautical Society, British Interplanetary Society 
and College of Aeronautics was held at Cranfield 18 to 
20 July 1957 (Pre-Sputnik) and was attended by over 
200 delegates from six countries. 





The PROTRACTATAP POT 


. . . developed for the 
engineer who can’t 
finalize his design un- 
til a working model 
is made. 


This pot features 8 
movable taps, all 
wired in and brought 
out to separate ter- 
minals, that can be 
set as close together 
as you want. 





Built-in protractor in every unit means no special tapping jig or 
angle head needed. A pencil or a pair of tweezers sets tap in a 
half-minute to within 0.5 deg. of any desired angle. 


Contact ACCURACY, Inc., for more details. 


» 


4 Gorvdon Street, WALTHAM, Mass., TWIiINBROOK 4-1126 
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DEVIATION MEASURED 


10cps to 125kc 


New FM Deviation Meter has carrier frequency range 4 
1002-3." Ton ol a'2-3 ¢-] ore] ah de) i(-re mm MOM -1al-1o)(-s-manl-t-1-10laclanl-Jal ate lel 
to 1O0cps deviation. Used with a ‘scope, it measures peak 
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Model 791D speeds deviation measurements 
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111 CEDAR NE @ ENGLEWOOD, NEW JERSEY 
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FOR HIGH RELIABILITY IN 







APPLICATION 








Featuring EXTREME DEPENDABILITY 
UNDER CONDITIONS OF: 
© HI-VIBRATION © HI-TEMPERATURE 


© HI-ALTITUDE © HI-HUMIDITY 


MODEL 82 TRANSISTORIZED MISSILE 
1F AMPLIFIER features the ruggedness 
ond proven performance of the LEL IF64 
missile amplifier at 1/50th the power 
requirement. The standard model 82 
has ao 10 mc bandwidth at 60 me 
center frequency. Amplifiers embodying 
the features of the 82, but with elec- 
trical characteristics to meet your system 
requirements, can be supplied. 


| a 384 OAK STREET 
COPIAGUE, L. I., N. Y. 
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SNAP SWITCH 
New CAM-FLIP switch of 10 am- 
pere capacity withstands over 250,000 





actuations, operates under vil ration 
of 20 G over a frequency range from 
10 to 4,000 cps.—Torres Engineering 
Co., Inc., South Hackensack, N. J. 
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SNAP-ACTION PLASTIC SWITCH 


New 5200 Series of snap action 
precision switches cover 10 models 
with operating force range of 3 to 20 






oz (center actuator button), and 9 
models with actuating button in off- 
center position which have extremely 
low operating forces (2.5 to 60 
grams) .—Haydon Switch Inc., Water- 
bury 20, Conn. 
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PHASE ANGLE METER 


New Type 202 Vectorlyzer meas- 
ures vector relations between two 
voltages with high speed and 0.02° 
accuracy and 1° full scale sensitivity. 





Designed for: 1) measuring phase 
errors of transformers, resolvers, or 
transducers against reference stand- 
ard; 2) network phase measurements 
with Ad-Yu type 208 phase genera- 
tor; 3) phasing servo system ele- 
ments; 4) power factor measurements 
in servo systems; also with probe for 
measuring vector differences between 
two voltages up to 500 mc.—Ad-Yu 
Electronics Lab., Inc., 249-259 Ter- 
hune Ave., Passaic, N. J. 
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DECADE SCALER 


Model DS-5B decade scaler for use 
with Geiger, scintillation or propor- 
tional detectors, when used with re- 
lated accessories, offers combinations 





of preset time and predetermined 
counts, with total capability of 108 
counts. Model DS-5B has 5 usec re- 
solving time, while model DS-5BA 
has 1 usec resolution.—Technical As- 
sociates, 140 West Providencia Ave., 
Burbank, Calif. 
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ROTARY SELECTOR SWITCH 


New 28AS series rotary selector 
switch mechanism assemblies have 
a “cock-and-fire” actuating mecha- 





nism that gives positive 90° detent 
action. “28AS” assemblies are built 
uv from two to eight MICRO 
SWITCH subminiature assemblies, 
each with SPDT contact to fit any 
circuit need.—Micro Switch; Freeport, 
Til. 
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21 KV SLIP RINGS 


New Genisco Slip Ring Assembly 
consists of 12 slip rings designed to 
carry 59 ma current at voltages up to 
21,000 v _ ring-to-ring and ring-to- 





ground. Terminals also serve as con- 
trolled air gaps which break down at 
28 kv to protect insulation surfaces 
from flashovers. Dimensions are 8” 
x 8” x 30” high.—Genisco, Inc., 2233 
Federal Ave., Los Angeles 64, Calif. 
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SILICONE RUBBER WIRE 


New high temperature wires in- 
sulated with silicone-rubber and tef- 
lon-impregnated fiberglass, nylon, 
dacron or mixtures are being con- 
structed to meet MIL-W-16878C 
(Navy), Type F for 600 volt service 
and type FF for 1000 volt service; 
and MIL-W-8777A. Jackets are avail- 
able plain or with colored coding trac- 
ers. Data sheet available.-—American 
Super-Temperature Wires, Inc., West 
Canal St., Winooski, Vt. 
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TWO COMPONENT EPOXY 
SOLDER 


Twin tubes with one key dispense 
equal quantities of “twinweld” epoxy 
adhesive for metal wood, glass, fiber- 
glass and many other materials. in 





aircraft, electronics, tooling and other 
industries. Complete description and 
sample offer on request.—Fybrglas 
Industries, 3010 Montrose, Chicago 18, 
Ill. 
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NYLON CABLE STRAPS 


New Ty-Rap strap for fastening 
wire bundles to supporting struc- 
tures takes place of 14 different AN 
type clamp sizes used for wire bun- 
dles 7%” through 1 %” dia. With- 
stand temperatures from —65° to 
350°F, and are available in seven 
colors for circuit identification.—The 
Thomas & Betts Co., 36 Butler St., 
Elizabeth, N. J. 
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Bearing on Reliability 


A missile is said to contain some 300,000 parts. If 
this missile were to hit the target nine out of every ten 
firings, then each of the parts must have a reliability 
rate of 99.99996%. It may sound utterly fantastic, byt 
this is what we must have. When we send a man into 
space, we will want him to have an even higher relia. 
bility percentage working in his favor. 

Reliability is born of variability. If all factors were 
known, a product would either be worthless or com. 
pletely trustworthy. With reliability of bearings, we 
have two major unknowns—the reliability of the bear. 
ing and the reliability of the installation procedures, 
Both can be verified by the application of modem 
bearing testing techniques. 

Training of engineering and quality control per. 
sonnel in the use of modern non-destructive bearing 
testing methods is being made available by Bearing 
Inspection, Incorporated, developers of modern bear. 
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ELECTRONIC BEARING ANALYZER locates bear- 


ing faults of less than one-millionth of an inch. 





ing inspection equipment and procedures. In a four- 
weeks training course, located in the factories and 
laboratory at Huntington Park, California, key plant 
personnel can learn to assure a reliability not only in 
the bearings, but in preventing the failure of associ- 
ated parts which are often a result of bearing malfune- 
tioning. One engine manufacturer eliminated his gear 
failures by bearing inspection and bearing education 
for shop personnel. 

Bearing Inspection, Inc., also provides a “Crime 
Lab” analysis for delinquent bearings, in which manu- 
facturers may submit a representative lot of used beat 
ings and receive a report of a scientific analysis. 


MILITARY SYSTEMS DESIGN 
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Specialized Analysis Equipment 


One of the instruments used in this analysis is the 
flectronic Bearing Analyzer. (See Figure) The basis 
of this tester is an amplified probe which is coupled 
mechanically to the stationary bore of the bearing 
ynder test. The outer race is driven by a rubber con- 
tact wheel at a governed rate of speed. The amplified 
analyzer output is then metered by a specially cali- 
brated decibel meter to indicate the noise level. This 
same output is also coupled to a specially designed 
oscilloscope which is calibrated to measure the faults 
in the balls or raceways. This oscilloscope is synchro- 
nized to the speed of rotation so that an individual char- 
acteristic pattern registers for each separate type of 
fault. The oscilloscope circuitry provides an isolation 
frequency which locates the fault in the inner race, 
outer race, balls or retainer with characteristic fre- 
quencies for each location. With this type of equip- 
ment a fault of less than one millionth of an inch is 
easily located, and isolated as to actual location. While 
this unit can serve as a noise tester, utilizing the speak- 
er which is built-in, its most useful function is as an 
accurate analyzer of bearing quality and fault de- 
tector. Noise is not always eliminated in otherwise 
good bearings, particularly so where the retainer is a 
loose fit and a simple noise test will not discern the 
cause or serious nature of the noise. This is also true 
in some loose fit bearings, and experience has shown 
that the noise test alone does not indicate quality. 


It is necessary to be able to probe all internal sur- 
faces in a selective manner with a probe and metering 
which give a true indication of the quality—as well as 
location—of faults so that they can be closely ex- 
amined in order to establish acceptable limits for your 
application. 


For operator training, pure fault samples are sup- 
plied to register pure oscilloscope patterns for study 
and comparison. With these samples, fault analysis 
is simple and quick for an average operator with one 
week of training. Interchangeable handling mandrels 
are supplied for production checking. 


Other equipment used are physical dimension, radial 
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play, lateral play and eccentricity gages, and modern 
bearing washers which clean without disassembly of 
bearings in less than a minute. Interested manufactur- 
rs and agencies are invited to visit and discuss the 
procedures used, which are approved both by the Air 
Force and Civil Aeronautics Administration. (From 
‘page brochure, Bearing Inspection, Inc., 3311 East 
Gage Ave., Huntington Park, Calif.) 
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Fifth International Automa- 
tion Exposition Postponed 
PITTSBURGH—Management for the Fifth Interna- 


ional Automation Congress and Exposition has an- 
ounced postponement of the show scheduled for the 
ew York Trade Show Building, November 16 to 20, 
959. The show will be rescheduled for 1961. 


July-August, 1959 











COAXIAL TERMINATIONS 


Neither superconductivity at low 
temperatures (—450°F) nor damage 
at high temperatures (440°F) impair 





hs Ce 
the operation of these new coaxial 
terminations for frequencies from dc 
to 3000 mc. “N” and “C” male and 
female connectors available, VSWR 
is less than 1.2 and average power 


dissipation is less than 1 watt.— 
Stoddart Aircraft Radio Co., Inc., 
Hollywood, Calif. 
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INSTRUMENT COLLARS 


New stainless steel instrument col- 
lars simplify gear train construction 
by use of two socket setscrews set 





90° apart and integral shoulder which 
ensures clearance of the outer bear- 
ing race without spacing washers. 
Provided with bores of 0.187, 0.250, 
and 0.312.—Gap Instrument Corpo- 
ration, 116 East Merrick Rd., Free- 
port, L. I., N. Y. 


CIRCLE 176 ON READER-SERVICE CARD 


STUD-TYPE TERMINAL BLOCKS 


New line of stud-type molded bar- 
rier blocks in various sizes accom- 
modates 1 to 26 stud posts, and cur- 
rents from milliamperes to 90 amps. 
Meet MIL-M-14 specs with latest re- 
vision.—Kulka Electric Corp., 633-643 
Co. Fulton Ave., Mt. Vernon, N. Y. 
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MINIATURE VENT FAN 


New Aximax fan for smallest space 
and weight allowance is only 1%” dia 
by 1%” long, mounts by “Servo” type 





rims at either end of barrel to deliver 
23 cfm free delivery or 19cfm at 1” 
static pressure. Uses 115 or 200 v ac, 
single or 3-phase, 400 cps.—Rotron 
Mfg. Co., Woodstock, N. Y. 


CIRCLE 178 ON READER-SERVICE CARD 


S-BAND SIGNAL GENERATOR 


New microwave signal generator 
Model MSG-2P provides maximum 
signal of 10 mw (+10 dbm) with 
calibrated attenuation down to —127 
dbm. Internal modulations provide cw, 





pulse, square wave, fm and synchron- 
izing signals; pulse widths from 0.5 
to 10 usec; delay 2.5 to 300 usec, with 
pulse rise and decay less than 1 usec. 
—Polarad Electronics Corp., 43-20 
34th St., Long Island City 1, N. Y. 
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VIBRATION TEST EXCITER 


New MB Model C125 Exciter for 
sine wave or complex motion tech- 
niques has a vector force output of 
10,000 lb and a frequency range of 





5 to 2,500 cps, with 1-inch double 
amplitude for continuous duty test- 
ing.—MB MFG. Co., Box 1825, New 
Haven 8, Conn. 
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VARIABLE SPEED DRIVE 


New model Servotran variable 
speed drive for motors up to % hp, 
offers precision speed setting with 
solenoid control switch in neutral po- 





sition, with maximum speed forward 
or reverse instantly available for 
slewing by operation of the solenoid 
control switch—Humphrey, Inc., 
Humphrey Products Div., 2805 Can- 
on St., San Diego 6, Calif. 
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BOX 61, STEINWAY STATION, LONG ISLAND CITY 3, N. Y. 


+3 > 
s3 6 
a c 
Ge 25s 
4 S 
in 
eee. 33 
S F230 a§ 
=x @%o = 
ZUat os 
es tU @ 
a @ OC =; 
Os~- gE 
o= 2 8 
or rast 
-—- DU 38 
s-§ £% 
gee of 











AT || a 





amalog filters 


hysics, Control and Acoustical Studies 
Instantly inverted without Detuning. 


, Hi-Pass/Low-Pass and Band Pass Filtering 
/Low-Pass cut-off Tunable 


For Telemetry, Geop 


— Standard High-Pass 


SS =H > i = ee ee eo - 


TYPICAL APPLICATIONS 
—Function Recovery from Decommutated Samples 


—Noise Removal in Polarized Channels 


— Smoothly variable 
0.2-20,000 cycles/sec. 
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world’s smallest 
potentiometers 


write for free literature... 


MIN BICcO 


Miniature Electronics 
Components Corp. 


Holbrook, Massachusetts 
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HYDRAULIC 3-WAY VALVE 


Model HP686100 3-way, 3-position 
rotary selector valve for aircraft and 
missile hydraulic systems is composed 





of a spool lap-fitted into a stainless 
steel body that serves also as the 
sleeve, to miniaturize the unit.— 
Hydra-Power Corporation, Pine 
Court, New Rochelle, N. Y. 
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HYDRAULIC SWIVEL 


New hydraulic swivel to withstand 
high pressures and corrosive action of 
aircraft and missile hydraulic fluids 


eee eae 








uses metallic seals on metallic seats. 
Performs effectively over tempera- 
tures from low of liquid nitrogen to 
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SIGMUND COHN corp. 


® HIGH TENSILE STRENGTH 
To permit easy winding of Potentiometers 
and Coils. 


® RESISTANCE TO CORROSION 
Platinum Content provides unsurpassed 
resistance to corrosion . . long shelf life. 


® MAXIMUM STABILITY 
of Electrical Characteristics. 
Bare or Enameled as small as .0004” 
diameter to as large as required. Resist- 
ance to 2500 ohms/ft. 


PLATINUM ALLOY 
POTENTIOMETER 
RESISTANCE WIRE 

















Available 


Specialists in the UNUSUAL 








121 SOUTH COLUMBUS AVENUE 
MOUNT VERNON, N.Y 
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650°F, while handling Oronite and 
Skydrol up to 6000 psi in right-angle 
and straight through configurations. 
—Propulsion Development Labora- 
tories, Inc., 236 California St., El Se- 
gundo, Calif. 
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GAS LOADING REGULATOR 


Model LR20B series loader regu- 
lators for the low capacity testing 
(2 sefm) of missile and aircraft 
valves and other components and for 





“dead end” testing with all high pres- 
sure, non-corrosive gases, including 
oxygen. Bulletins Rll, and R17 and 
LV10 are available on request.—Vic- 
tor Equipment Co., 844 Folsom St., 
San Francisco 7, Calif. 
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EPOXY COMPOUNDS 


New low viscosity epoxy liquids 
designated the Cepox 500 series, are 
said to exhibit excellent electrical, 





physical and chemical properties for 
potting and encapsulating electrical 
and electronic devices. Bulletin and 
price list on request.—Chemical De- 
velopment Corp., Danvers, Mass. 
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SUPER-TEMPERATURE COAXIAL 


Coaxial cable for missile and re- 
actor use in the high frequency range 
is now operational to 1,000°F, permit- 
ting operation even when flame 





breaks out. Also for use in high tem- 
perature ovens and environmental 
chambers, etc. Available in #20 gauge 
in 50, 75 and 90 ohm impedance.— 
Boston Insulated Wire & Cable Co., 
65 Bay St., Boston 25, Mass. 
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Induction Potentiometers 


An induction potentiometer, or linear synchro trans. 
mitter, may be considered a special kind of resolve; 
which provides accurate linear indication of shaf 
rotation about a reference position in the form of , 
polarized voltage whose magnitude is proportional ty 
angular displacement, and whose phase relationship 
indicates direction of shaft rotation. The principal 
difference between a resolver and an induction poten. 
tiometer is that the latter’s output voltage varies dj. 
rectly as an angle and not as the sine of that angle. Its 
rotation is usually limited to less than +90°. 

These devices are analogous to resistance potentiom. 
eters, but since they are induction type components 
they have less restraining forces acting upon their 
rotors, and hence are capable of providing better 
resolution. Naturally, induction potentiometers do not 
require sliders such as those used in resistance types, 
Therefore, circuit interruptions are eliminated, no 


ry 











INDUCTION POTENTIOMETER 


INDUCTION POTENTIOMETER voltage output. 


wear occurs as a result of rubbing parts, and accuracy 
is consequently continuously maintained at the original 
level throughout the operational life of these types of 
components. These advantageous features are virtually 
a necessity in certain applications. For example, in 
gyroscope systems where low restraining torques and 
low pick-off angular errors are required, wide use is 
made of these devices. In general, induction potentiom- 
eters find use in applications where resistive poten- 
tiometers are impractical, principally because of the 
following features: (1) induction potentiometers, hav- 
ing no wiping contacts, may be used as gyroscope 
pick-offs since they contribute less spurious friction 
torque; (2) input and output are isolated; (3) resolu- 
tion is infinite; (4) noise level is low; and (5) the 
total angle of travel is limited to less than 180°. 

Constructed very much like a resolver, induction 
potentiometers differ in that their windings and slots 
are not uniformly distributed, but instead are de 
liberately modified to produce a linear output. Nor- 
mally they have only one excitation winding and one 
output winding, the former usually carried on the rotor 
and connected by means of two sliprings and two 
brushes. 

The use of induction potentiometers as linear pick- 
offs may be considered as a special resolver applica- 
tion in which mutual coupling varies not as Z,sin ®, 
but as Z,,®. With zero input impedance and infinite 
output impedance, the voltage gradient, H, may be 


‘0 





defined as H = . Under this condition the trans 
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fer function may be expressed as: 
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E. —Hoe Z; 
a ee 
Ej Z, — H?Z,0? Z» 
L + 
Zi 


Where Z, = secondary impedance 


Z, = primary impedance 
Z, I y d 

Z, — load impedance 

Z,; = input impedance 


(From 48-page handbook, “Technical Information 
jor the Engineer”, Fifth edition (1959), which covers 
general engineering information on servo motors, 
achometer generators, motor generators and synchros 
with specific data on Kearfott components, Kearfott 
Co.. Inc., Little Falls, N. J.) 
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Microwave Ferrite Properties 


General Ceramics’ Microwave Ferrites, basically 
magnesium-maganese ferrites available in a wide range 
of saturation values, offer the user a most complete 
cross-section of materials for use in resonance isola- 
tors and phase shifters under various operating condi- 
tions. 


10® 100 


a 5 
ul a 
» — 
6 6 
5 wa 
a 

> 10? ¢ 
a $ 

10 ; = 001 


1 


0 





1 


2 468 


10° 10° 10° 10’ 10° 
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MAGNETIC and Dielectric Properties vs Frequency. 


10° 10'° 10" 


For special applications, some of the materials may 
be used at peak power levels in excess of one megawatt 
and at frequencies as low as 500 mc. One new prod- 
uct, Type R-5, can be used in phase shifter applications 
above and below resonance in the C band at peak 
powers in excess of 1 megawatt; at similar powers 
above resonance in the S band, and as a low power 
resonance isolator at L-band frequencies down to 1000 
mc. Some users have reported its use at frequencies as 
low as 500 me in certain phase shifter applications. 
Some of its characteristic dielectric and magnetic 
properties are shown in the curves above. (Other 
curves and complete characteristics for R-1, and R-6 
lerrites are given in new 4-page bulletin No. 259 from 
which this excerpt is taken.—General Ceramics Corpo- 
ration, Keasbey, N. J.) 
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STABLE HIGH-POWER 
RESISTORS 


New Series RD resistors, construct- 
ed of low temperature coefficient 
metal alloys deposited as homogenous 
films on Pyrex cores are non-induc- 





tive protected by thin film of fused 
quartz and a silicone resin jacket. 
Rugged, quiet and stable, they are 
available in 7 to 150 watt sizes, re- 
sistances from 10 to 3K ohms.—F'ilm- 
ohm Corp., 48 West 25th St., New 
York 10, N. Y. 
CIRCLE 186 ON READER-SERVICE CARD 


MINIATURE COUNTER 


New longitude counter Model 10468, 
for miniaturization of airborne navi- 
gational computers, DR systems and 
missile trackers, adds from 000°00’ 
to 180° 00’ in West presentation then 
transfers to East presentation and 
subtracts to 000° 00’.—Bowmar In- 
strument Corp., 8000 Bluffton Rd., 
Fort Wayne, Ind. 
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SUB-MIN ELAPSED TIMER 


New elapsed timer light and small 
enough to accompany “black boxes” 
of critical equipment anywhere and 





provide a continuous record of opera- 
tional use and life to 10,000 hours. 
Uses only 2% watts on 115 v, 440 eps. 
Meeting MIL-E-5272A, it attains 
high accuracy even with frequent “on- 
off” cycling —Waltham Precision In- 
strument Co., 221 Crescent St., Walt- 
ham 54, Mass. 
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ISOLATION MOUNTS 


New Model W681 Unit Mount for 
equipment installed in military ve- 
hicles withstand Ballistic Shock and 
Package tests of U. S. Signal Corps., 
also environmental extremes of 
weather, dust, oil, chemical solvents 
and corrosives.—Robinson Technical 
Products, Inc., Teterboro Air Termi- 
nal, Teterboro, N. J. 
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Fircuitry Tests 


DIT-MCO Is Faster and More 
Reliable Than Other Methods 


Take tape read-out tests, for example. This method requires extra machines to 
translate test information or a genius to remember the code used on the tape. 
Either way, it’s a costly process. Compare this to the DIT-MCO Automatic Circuit An- 
alyzer and its exclusive Matrix Chart. 


The DIT-MCO Circuit Analyzer performs the entire test itself. There’s no need for 
complex machines to translate test information. All data concerning errors, circuit 
numbers, type of flaws, etc., appears on the Matrix Chart, so there’s no need for 
complicated wiring diagrams or charts! And, the DIT-MCO Circuit Analyzer checks 
one circuit against all others... over 2,000 in about three minutes... with accu- 
racy never before possible in any test system. 


In Elect a 


Some testers are a maze of colored, flashing lights. Operators of such test ma- 
chines must refer to 100, 500 or even 1,000 miniature lights to try and locate errors. 
Charts and diagrams must also be used...with a resultant high number of 
human errors. 


The DIT-MCO Circuit Analyzer injects human decision into every test but in such a 
way that chances of human errors are nil. The easy-to-read Matrix Chart employs 
only two lights to quickly pinpoint every circuitry flaw. Yet, anyone, with less than 
one hour’s instruction, can operate the DIT-MCO Automatic Circuit Analyzer and 
perform test functions once thought impossible! 


These are just a few reasons why 
DIT-MCO is faster and more reli- 
able than other methods in elec- 
trical circuitry tests. Why not get 
the complete story? Write today 
for free Matrix Chart booklet. 


DIT-MCO, INC. B 


ELECTRONICS DIVISION 


Box 08-27, 911 Broadway > 
Kansas City, 5, Missouri 






































Partial List of DIT-MCO Users 


Aircraft Radio Corp. @ AiResearch Manufacturing Co. @ American Bosch Arma Corp. @ American 
Machine & Foundry Co. @ American Motors @ Amphenol Electronics Corp. @ Autonetics, A Division 
of North American Aviation, Inc. @ Bell Aircraft Corp. @ Bendix Aviation Corp. @ Boeing Airplane 
Co. @ Cessna Aircraft Co. @ Chance Vought Aircraft, Inc. @ Chrysler Corp. @ Convair @ Douglas 
Aircraft Co., Inc. @ Dukane Corp. @ Electronic Products Corp. @ Fairchild Aircraft Division 
@ Farnsworth Electronics Co. @ Frankford Arsenal @ General Electric Co. @ General Mills, Inc., 
Mechanical Division @ General Precision Laboratory, Inc. @ Goodyear Aircraft Corp. @ Grumman 
Aircraft Engineering Corp. @ Hazeltine Electronics Division, Hazeltine Corp. @ Hughes Aircraft 
@ International Business Machines Corp. @ Jefferson Electronic Products Corp. @ Lockheed Aircraft 
Corp., Missile Systems Division @ Martin, Baltimore @ Minneapolis-Honeywell, Aeronautical Division @ 
Motorola, Inc. @ Northrup Aircraft, Inc. @ Pacific Mercury Television Mfg. Corp. @ Radio Corp. of 
America @ Radioplane Co. @ Raytheon Manufacturing Co. @ Servomechanisms, Inc. @ Sikorsky 
Aircraft @ Sperry Gyroscope Co. @ Summers Gyroscope Co. @ Sun Electric Co. @ The Swartwout Co., 
Autronic Division @ Temco Aircraft Corp. @ Thompson Products @ Topp Industries Inc. @ Trans World 
Airlines @ U. S. Naval Air Station Overhaul and Repair Depots @ U. S. Naval Ordnance Laboratory, 
White Oak @ Vertol Aircraft Corp. @ Western Electric Co. @ Westinghouse Electric Corp. 
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MISSILE COUNTDOWN and Pre-count- 
down checkout equipment for liquid- 
fuel missiles is described in new 4- 
page bulletin 3017.—Consolidated 
Electrodynamics Corp., 360 Sierra 
Madre Villa, Pasadena, Calif, 
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MATRIX CHART METHOD of instan- 
taneous fault location and test pre- 
sentation is described in terms of 
participating System Testing Groups 
in new 64-page brochure, “DIT-MCO 
Matrix Chart”.—DIT-MCO, Inc., Blec- 
tronics Div., 911 Broadway, Kansas 
City 5, Mo. 
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AVIONIC CHECKOUT TECHNIQUES re- 
ceive comprehensive review in 14-page 
booklet which covers broadest cover- 
age of approaches applicable to design 
of automatic systems checkout equip- 
ment.—C. C. Cossmon, Ind. Sales 
Dept., Link Aviation, Inc., Bingham- 
ton, N. Y. 
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ENVIRONMENTAL FACILITIES avail- 
able at the G. E. Co., Quality Control 
Environmental Test Laboratories are 
described in new 32-page booklet.— 
General Electric, Missile and Space 
Vehicle Dept., 3198 Chestnut St., Phil- 
adelphia 4, Pa. 
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FORCE AND THRUST, flow, pressure 
and strain measuring in missile and 
aircraft systems are described in new 
bulletin G-101, precision electronic 
measuring and data handling systems. 
—Cilmore Industries, Inc., 13015 
Woodland Ave., Cleveland 20, Ohio. 
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LIQUID PROPELLED space vehicle 
checkout system including Propellant 
Uilization Exerciser, Pneumatic, Sta- 
tic, Ullage Simulation and Dynamic 
Checkouts, is described in new 4-page 
bulletin 3017.—Consolidated Electro- 
dynamics Corp., 360 Sierra Madre 
Villa, Pasadena, Calif. 


CIRCLE 195 ON READER-SERVICE CARD 















HYDRAULIC Power Package Simula- 
tors for production check-out of mis- 
siles and subsystems are described in 
4-page technical bulletin No. 1370.— 
George L. Nankervis Co., 15400 Ful- 
lerton Ave., Deroit 27, Mich. 
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DYNAMIC TEST LOADING of struc- 
tures for Aircraft and Missiles is title 
of new 4-page data bulletin V-4006 
available on request.—CDC Control 
Services, Inc., 400 So. Warminster 
Rd., Hatboro, Penna. 
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HIGH PRECISION Wirewound Po- 
tentiometers and their design are dis- 
cussed in 21-page catalog.—The 
Gamewell Co., Newton Upper Falls 
64, Mass. 
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CONDUCTIVE PLASTIC Potentiometer 
characteristics and specifications of 
typical Markite potentiometers in 
rotary and rectilinear types are pro- 
vided in new 48-page data and catalog 
volume.—Markite Products Corpora- 
tion, .? Waverly Place, New York 
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FORGE BALANGE Pressure Trans- 
ducers for static pressure, pressure 
ratio and pressure difference are de- 
scribed in new 32-page brochure.— 
M. Bp Bosch, Inc., Pleasantville, 
N. Y. 
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PRESSURE TRANSDUCERS and ac- 
celerometer utilizing Fairchild high 

recision potentiometers are described 
in five catalog data sheets in conveni- 
ent file folder.—Components Div., 
Fairchild Controls Corp., 225 Park 
Ave., Hicksville, L. I., N. Y. 
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TEMPERATURE CONTROL to + 

0.001°C accuracy over ranges from 
—200° to 500°C is described in tech- 
nical bulletin 56.—Bayley Instrument 
Co., Box 538, Danville, Calif. 
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SYNCHRO DIFFERENTIAL, Size 8 
described in new Data Sheet 801- be 
—Daystrom Transicoil Div., Day- 
strom, Inc., Worcester, Montgomery 
Co., Penna. 
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ELECTROMECHANICAL Temperature 
Control System used on Martin Co., 
Seamaster is described in new 4-page 
bulletin PS-4A.—Airborne Accessories 
a 1414 Chestnut Ave., Hillside 5, 
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AIRBORNE PRESSURE SWITCHES are 
described in new 4-page condensed 
catalog.—Consolidated Controls Corp., 
Bethel, Conn. 
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WAVEGUIDE AND COAXIAL Fre- 
quency Meter models are described in 
6-page bulletin 200.—Polytechnic Re- 
search and Development Co., Inc., 202 
Tillary St., Brooklyn, N. Y 
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COAXIAL FIXED ATTENUATORS and 
DC Returns are described in new en- 
gineering data sheets.—Weinschel En- 
gineering, 10503 Metropolitan Ave., 
Kensington, Md 
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MICROWAVE FERRITE devices are 
listed with characteristics in new 4- 
page short form catalog.—Microwave 
Associates, Inc., Burlington, Mass. 
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BREADBOARD ELECTROMECHANICAL 

parts for do-it-yourself engineer are 

described with typical schematics of 

systems in new 24-page catalog 575.— 

Helipot Div., Beckman Instruments, 

a 2500 Fullerton Rd., Fullerton, 
alif. 
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MILITARY SYNCHROS are listed by 
Bendix Type, BuOrd Type, function 
voltage and frequency in new 4-page 
“Rapid Reference Guide to Military 
Synchros”.—Montrose Div., Bendix 
Aviation Corp., So. Montrose, Penna. 
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UNITIZED CLUTCH MODULES for 
servomechanism construction are de- 
scribed with applications in new 6- 
page folder.—Technology Instrument 
Corporation of California, 7229 Atoll 
Ave., No. Hollywood, Calif. 
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SYNCHRO TRANSMITTER, Type 8 for 
use on 26 v or 115v 400 cps systems 
is described in 2-page data bulletin 
801-T4.—Daystrom-Transicoil Div., 
Daystrom, Inc., Worcester, Penna. 
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SUBMINIATURE GYRO COMPASS for 
land vehicle, marine and light plane 
use is described in new 4-page bro- 
chure.—Arma Division, American 
Bosch Arma Corporation, Roosevelt 
Field, Garden City, N. Y. 
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INERTIA SWITCHES covering range 
from 0.01 to 500 G are described in 
4-page brochure.—Inertia Switch, Inc., 
311 W. 43rd St., New York 36, N. Y. 
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ELECTROHYDRAULIC SERVOACTUA- 
TORS of eight different types for mis- 
sile and aircraft power control are de- 
scribed in new 6-page Catalog 170.— 
Moog Servocontrols, Inc., East Au- 
rora, N. Y 
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FINE PITCH PRECISION stock gears, 

48 through 200 pitch are listed in 92- 

page catalog.—U. S. Gear Corpora- 

co 81 Bay State Rd., Wakefield, 
ass. 
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FORCE GRADIENT ACTUATOR for 
automatic attitude control of helicop- 
ters is described in new 4-page bro- 
chure, BL-140.—Airborne Accessories 
a 1414 Chestnut Ave., Hillside 5, 
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PHASE SENSITIVE DEMODULATOR 
and power supply for supplying sub- 
carrier oscillators with signals pro- 
portional to three gyros or other posi- 
tion sensing devices, are described in 
new 4-page data sheet, Model 10043.— 
Hoover Electronics Co., 110 West Ti- 
monium Rd., Timonium, Md. 
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Voltage Sensor is Multi-Use 
Device 


A new voltage-sensitive differential detecting yj 
comprising a_ transistorized network, hermetically 
sealed relay and a regulated Zener diode voltage refe 
ence, compares an applied voltage to its internal refey 
ence. Actuation and deactuation points of the outpy 
relays are individually adjusted to specification and 
are set so that a step function of voltage is applie 
to the switch circuit. Applications include automat 
switching to auxiliary sources in event of power fail 
ure, automatic by-pass to other units of a multiple 
in event of voltage input failure of fluctuation beyon( 
acceptable limits, checkout systems where output cap 
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One application used in regulating the power inpu 
to the telemetering package of a drone is illustrated ip 
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TYPICAL VOLTAGE SENSOR application in drone 
uses one unit to switch auxiliary power supply to tele. 
metering transmitter, second unit to put drone into 
recovery. 








the figure. As long as power from the generator is 
above 24 v the first voltage sensor connects the teleme- 
tering system to the generator. When the voltage from 
this source falls below 24 volts, the telemetering sys 
tem is instantly switched to the auxiliary battery. lf 
the generator recovers its voltage the load is trans 
ferred back to the generator by the voltage sensor. 0h 
the other hand, should the auxiliary battery also fail, 
falling below 23.9 volts, the second voltage sensor put 
the drone into recovery by actuating the recovery sys 
tem. 

The Electronic Voltage Sensor is a hermetically 
sealed 6-0z package meeting MIL-Specs, with actuation 
and deactuation points factory-set to customer specifi 
cations between 16 and 200 v ac or de, to an accuracy 
of +300 millivolts. Differentials between actuation 
and deactuation points may be set from 900 mv to 
90% of maximum input voltage. Minimum life ex 
pectancy is rated at 100,000 operational cycles a 
rated load. Output contacts are DPDT, rated at ? 
amperes resistive at 28v dc.—(From 2-page data shee 
Model 1500 Electronic Voltage Sensor, V oi-Shan Elec 
tronics, 13259 Sherman Way, N. Hollywood, Calif. 
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QUARTZ CRYSTAL. Measurements; 
fechnical paper on instruments and 
techniques for precise measurement of 
quartz crystal characteristics deliv- 
ered before 1959 Signal Corps Labs 
ng unig Symposium.—Rohde & Schwarz Sales 
tically 0 Inc., P. O. Box 275, Passaic, N. J. 
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e refer 


i! refe ; 
out, MICROWAVE MEASUREMENTS infor- 
Utpul mation is contained in new 302-page 
On and#hard cover catalog of D-B precision 
appliedy test equipment. Available to engineers 
-Bengaged in microwave work who re- 
tomatic quest on company letterhead.—De- 
er {aif Mornay-Bonardi, 780 S. Arroyo 
ultiple Pkwy., Pasadena, Calif. 
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re A RECISION PULSE GENERATOR Mod- 

Be, etc.) PPG-256 for calibration of multi- 

T inpuif channel pulse height (radiation) ana- 

cated ing Y2ers is described in new data sheet. 
‘I - The Victoreen Instrument Co., 5806 

Hough Ave., Cleveland 3, Ohio. 
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BATTLE AREA Surveillance and In- 
tegrated Communications System 
(BASICS) is described in 4-page il- 
lustrated systems brochure.—Strom- 
berg-Carlson, P. O. Box 2449 San 
—— I Diego 12, Calif. 
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graphic recording of cloud height 
measurements for military and com- 
mercial airports is described in new 
4-page specifications sheet 9159C.— 
— Research Center, Westboro, 
Mass. 
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HALL EFFECT circuit applications in 
electronic measurement and control 
using new solid-state device, are de- 
scribed in new 4-page Halltron HS-51 
bulletin—Ohio Semiconductors, Inc., 
1035 W. Third Ave., Columbus 8, Ohio. 
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MOLDED MAGNETIC AMPLIFIERS de- 
sign characteristics are specified 
in new 4-page technical brochure.— 
Airpax Electronics, Inc., Seminole 
Div., Ft. Lauderdale, Fla. 
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TRANSISTORIZED AMPLIFIERS and 
power supplies are listed in new 12- 
page Transistor Products Catalog.— 
Ferrotran Electronics Co., 693 Broad- 
way, New York 12, N. Y. 
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+ BRELAY CONTROL AMPLIFIER of high 
stability, extreme sensitivity 135 db 
power gain is described in 4-page bro- 
chure No. 90.—Thermo Electric Co., 
Inc., Saddle Brook, N. J. 
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TOROIDAL INDUCTORS covering 
ranges from 1 ke to 1.5 me are de- 
Scribed with characteristic curves in 
ew 4-page bulletin TL-102.—PCA 

Electronics, Inc., 16799 Schoenborn 
St., Sepulveda, Calif. 
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General Electric’s Heavy Military Electronics Dept. 


ENGINEERS ¢ SCIENTISTS 


EMPLOYMENT OPPORTUNITY 





AWARDED CONTRACT FOR 


Systems Integration, Engineering, and Management of... 


AIR WEAPONS CONTROL SYSTEM 212L 


A_universal electronic control system to meet the vast problem of Air Defense 





outside of the Continental United States, 





Systems-oriented engineers and scientists will appreciate the broadband technical challenge of the 


Air Weapons Control System 212L. There are important openings for men who are experienced in: 


Weapons Systems ANALysis * MATHEMATICAL ANALYSIS OF ENGINEERING ProsLems * Computer 


ProGRamMMinc * Mititary ComMMUNICATION Systems * Rapar Systems * Weapons ContTrROoL 


Systems * Evectronic Circuitry * InpustriaL & Mixitary PsycuHotocy. 


@ Working in close cooperation with 
the USAF, it is Heavy Military’s re- 
sponsibility to integrate all subsys- 
tems—data acquisition, communica- 
tions, data processing and display — 
plus various defensive weapons into 
a well coordinated and efficient oper- 
ating system. 

VERSATILE AIR CONTROL 
APPLICATIONS The revolution- 
ary 212L can be used to defend a 
single airfield, or, by linking control 
sites together, it could be used in a 
limited action to provide air control 
for an area the size of Alaska. Simi- 
larly, by linking the capabilities of 
countries together, a system could be 
provided for the air control of an en- 


tire continent. Designed for both 
fixed and mobile applications, the 
212L will be used primarily outside 
the U. S. since the SAGE system is 
used for the defense of this country. 


HMED {IS ALSO DESIGNING 
THE “HEART” OF THE SYSTEM 


In addition to its prime mission of 
providing systems management, 
HMED will design, develop and pro- 
duce the data processing and dis- 
play subsystem which is the “heart” 
of the 212L. Capable of rapidly and 
automatically detecting and tracking 
air targets, the subsystem operates 
without human assistance, except un- 
der unusual circumstances. 








OTHER FAR-RANGING 
PROGRAMS AT 
HEAVY MILITARY 


At the present time additional 
far-ranging programs are being 
pursued in diverse and impor- 
tant areas at HMED: 


e Fixed & Mobile Radar 

¢ Shipborne Radar 

¢ Underwater Detection Systems 
e Missile Guidance 

¢ Data Handling Systems 

¢ Communications 








Individuals with experience in systems analysis or specific equipment 


design in the areas listed above are invited to forward their resume 
in complete confidence to Mr. George Callender, Div. 45-BMH. 


HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL ELECTRIC 


Court STREET. 
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Syracuse, N. Y. 
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Address box replies 
to Instruments Pub- 
lishing Co. 845 
Ridge Ave., Pitts- 
burgh 12, Pa. 


RATES 


Display Space: 


Contract rates 
apply. Subject 
to Agency 
Commission. 


Non-display 
Space: 


$2.00 per line, 
minimum of. 
three lines. 
Not subject 
to Agency 
Commission. 



































4aZms~<Orvusm™ 


Address box replies 
to Instruments Pub- 


lishing Co. 845 
Ridge Ave., Pitts- 
burgh 12, Pa. 
RATES 


Display Space: 


Contract rates 
apply. Subject 
to Agency 
Commission. 


Non-display 
Space: 


$2.00 per line, 
minimum of 
three lines. 
Not subject 
to Agency 
Commission. 


EMPLOYMENT OPPORTUNITIES 





JOIN REPUBLIC IN AN 


INTEGRATED ATTACK 
ON PROBLEM AREAS OF 


SPACE EXPLORATION 


It’s the fervent conviction of engineers 
and scientists at Republic Aviation that 
the courageous “Space Time-Table” 
above is entirely feasible — given a tra- 
dition-free, integrated approach to the 


Electronics 


Inertial Guidance & Navigation 
Digital Computer Development 


Systems Engineering 
Information Theory 


Telemetry-SSB Technique 

Doppler Radar » Countermeasures 
Radome & Antenna Design 
Microwave Circuitry & Components 
Receiver & Transmitter Design 
Airborne Navigational Systems 
Jamming & Anti-Jamming 
Miniaturization — Transistorization 


Ranging Systems 
Propagation Studies 


Ground Support Equipment 





problems. Such an approach is evident 
at Republic Aviation. Here, groups of 
specialists from many disciplines are 
working in close collaboration to solve 
problems across the entire spectrum of 
space technologies, which limit today’s 
interplanetary and upper atmosphere 
flight capabilities. 

Expanded by $35,000,000 last: year, 
Republic’s integrated Research and 
Development program has already 
produced signal advances in space guid- 
ance concepts; in new propulsion sys- 


Thermo, Aerodynamics 





Theoretical Gasdynamics 
Hyper-Velocity Studies 


Astronautics Precision Trajectories 


Airplane/ Missile Performance 
Air Load and Aeroelasticity 
Stability and Controls 

Flutter & Vibration 


High Altitude Atmosphere Physics 
Re-entry Heat Transfer 
Hydromagnetics 

Ground Support Equipment 


Vehicle Dynamics & System Designs 












A°TIME-TABLE” 
FOR SPACE 
CONQUEST 


BY 19633 — INSTRUMENTED 
PLANETARY SOFT LANDING 


BY 1968 —SPACE STATION 
FOR STAGING TO MOON AND PLANETS 


BY 19'70-'75 — MOON BASE Lat 


These predictions were made by 
Alexander Kartveli, Vice-President for 
Research & Development at Republic 
Aviation, and one of the most opti- 
mistic of the 56 leading space experts 
of the world who were consulted by 
the’ U.S. House of Representatives 
Committee on Astronautics & Space 
Exploration for its report: ‘“‘The Next 
10 Years in Space, 1959-1969.”’ 


tems (plasma, nuclear); in radiation 
physics; in new materials and process- 

‘ ing techniques; in unique hypersonic 
configurations; and in prototype devel- 
opment of hardware (as an example: 
hydraulic systems that operate reliably 
up to 1000°F). 

Professional men—who can meet new 
challenges with enthusiasm and dedica- 
tion — are urged to look into openings 
with our R&D groups, working in an 
atmosphere of exhilarating intellectual 
adventure. 


Plasma Propulsion 


Plasma Physics 

Gaseous Electronics 

Hypersonics and Shock Phenomena 
Hydromagnetics 

Physical Chemistry 

Combustion and Detonation 
Instrumentation 

High Power Pulse Electronics 


Nuclear Propulsion 

and Radiation Phenomena 
Nuclear Weapons Effects 
Radiation Environment in Space 


Nuclear Power & Propulsion Applications 
Nuclear Radiation Laboratories 








Send resume in complete confidence to: Mr. George R. Hickman, Engineering Employment Manager, Dept. 19 G 


FEZEPEIESaaias AVIATION 


Farmingdale, Long Island, New York 
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| 


| connector types used in missiles 


| SUBMINIATURE PRECISION 
NEC 


TANTALUM SLUG CAPACITORS, hig: 
| 2-page bulletin 159C.—Ohmite Mfy 








VOLTAGE REGULATORS fo sing 
and 3-phase, 60 and 400 cyci 8) 
tems for ground support activi ies Q 
listed in 60-page Inductrol catalog 
General Electric, Voltage Regula 
Product Section, Pittsfield, Mass, 
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CONNECTORS and U. S. Missiles y 
shown in full color in 12-page hy, 
chure showing company’s princi 


ground-control equipment.— Burm 
Corp., Norwalk, Conn. 
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MULTIPLE CONTACT CONNECTORS 
miniature and subminiature sizes 
listed in 7-page catalog folder.—J, 
Components, Inc., 454-462 East 14 
St., New York 55, N. Y. 
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TORS are specified with dime 
sioned drawings in new catalog she 
—U. S. Components, Inc., 454 E. 14 
St., New York 55, N. Y. 


CIRCLE 233 ON READER-SERVICE CARD 


SILICON SOLAR CELL design f 
satellite power is discussed in Ap 
May ’59 Rectifier News. Free copy 
request.—International Rectifig 
Corp., El Segundo, Calif. 
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temperature type “UC” are listed ; 


Co., 3639 Howard St., Skokie, [Il. 
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DIODE and RECTIFIER specification 

f U.S. Semcor manufacure are give! 
in new short Form Diode Catalog— 
U. S. Semiconductor Products, Ine, 
3540 West Osborn Rd., Phoenix, Ari 


CIRCLE 236 ON READER-SERVICE CARD 





SUBMINIATURE SWITCHES meetin 
Mil Specs are described in new 1b 
page catalog No. 159.—Unima: 
Switch Div., The W. L. Maxon Corp. 
Ives Road, Wallingford, Conn. 
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PEG-and-TAPE Produc-Trol boards. 
used in military design and produ 
tion operations are explained in 24 
page booklet.—Wassell Organizations 
Inc., 225 State St. West, Westport 
Conn. 
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NATURAL MIGA specifications fa 
high-temperature transformer insula 
tion are described in 4-page folder— 
~ ae Pine Mica Co., Spruce Pine 
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CATHODE RAY Tube Shielding of ne" 
and inexpensive design is describ 
in 2-page data sheet 145.—Perfectiol 
Mica Co., Magnetic Shield Div., 132 
No. Elston Ave., Chicago 12, lll. 
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MILITARY SYSTEMS DESIGN 































